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ABSTRACT
Two f i e l d  ex p e r im en ts  were conducted in  1963 to  de te rm ine  th e  
in f lu e n c e  o f  a p p l i c a t i o n s  o f  b o ro n ,  n i t r o g e n  and p o ta ss iu m  on th e  y i e l d  
o f  c o t to n ,  on th e  n u t r i e n t  e lem ent c o n c e n t r a t io n s  in  t i s s u e s  o f  th e  
c o t to n  p l a n t  and on th e  o ccu rren c e  o f  grow th a b n o rm a l i t i e s  in  c o t to n .
One experim en t was lo c a te d  on Beulah sandy loam In  Jackson  
C ounty , A rkansas .  The o th e r  exper im en t was lo c a te d  on Grenada-Calloway 
s i l t  loam in  P r a i r i e  C ounty , A rk an sas .  Boron d e f i c i e n c y  symptoms had 
been observed  a t  each  o f  th e  two s i t e s  in  1962. The t r e a tm e n ts  were 
a p p l ie d  on 0 . 0 2 - a c r e  s i z e  p l o t s  a r ra n g e d  in  a randomized b lo c k  d e s ig n  
w hich p e rm it te d  f a c t o r i a l  a n a l y s i s .  Each t re a tm e n t  was r e p l i c a t e d  s i x  
t im e s .  Samples o f  p l a n t  t i s s u e  were ta k e n  d u r in g  th e  growing seaso n  
and an a ly zed  fo r  n u t r i e n t  e lem ent c o n c e n t r a t io n s .  Abnormal growth 
symptoms o f  the  p l a n t s  and y i e l d s  from th e  d i f f e r e n t  p l o t s  were 
r e c o rd e d .  The r e s u l t s  w ere s t a t i s t i c a l l y  a n a ly z e d .
On Beulah sandy loam, a p p l ie d  boron in c re a s e d  b o th  th e  y i e l d  a t  
f i r s t  h a r v e s t  and th e  t o t a l  y i e l d  o n ly  when n i t r o g e n  was a p p l i e d .  On 
Grenada-Calloway s i l t  loam, a p p l ie d  boron in c re a se d  th e  y i e l d  a t  f i r s t  
h a r v e s t ,  r e g a r d l e s s  o f  th e  n i t r o g e n  r a t e ,  in c r e a s e d  th e  t o t a l  y i e l d  w i th  
no n i t r o g e n  and w i th  60 pounds o f  a p p l ie d  n i t r o g e n ,  b u t  had no e f f e c t  
w i th  90 pounds of n i t r o g e n  p e r  a c r e .  N it ro g e n  a p p l ie d  on Beulah sandy 
loam in c re a se d  th e  t o t a l  y i e l d  o f  c o t to n  o n ly  in  th e  p re se n c e  o f  a p p l ie d  
bo ro n . On Grenada-Callow ay s i l t  loam, a p p l ie d  n i t r o g e n  had no e f f e c t  on 
th e  t o t a l  y i e l d  o f  c o t to n .  P o tass iu m  a p p l ie d  on G renada-Callow ay s i l t  
loam in c re a se d  th e  y i e l d  a t  f i r s t  h a r v e s t  and th e  t o t a l  y i e l d .  On 
Beulah sandy loam a p p l ie d  p o ta ss iu m  had no e f f e c t  on y i e l d ,
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G e n e ra l ly ,  th e  boron c o n c e n t r a t i o n  i n  th e  p l a n t  t i s s u e  was 
in c r e a s e d  by a p p l i e d  b o ro n ,  I n c re a s e d  by a p p l i e d  n i t r o g e n  and n o t  
a f f e c t e d  by a p p l i e d  p o ta s s iu m . Boron c o n c e n t r a t i o n s  a s  h ig h  as  18.2  
ppm. in  th e  l e a f  p e t i o l e s  and 1 2 .6  ppm. in  th e  l e a f  b la d e s  r e p r e s e n t e d  
d e f i c i e n c y  l e v e l s  o f  t h i s  e lem en t in  th e  c o t to n  p l a n t s .
At two s ta g e s  o f  m a tu r i t y  in  b o th  e x p e r im e n ts ,  a p p l i e d  boron 
d e c re a se d  th e  p e r  c e n t  o rg a n ic  n i t r o g e n  in  th e  l e a f  p e t i o l e s  b u t  had 
no e f f e c t  on p e r  c e n t  o rg a n ic  n i t r o g e n  in  th e  l e a f  b l a d e s .  At a  
t h i r d  s t a g e  on B eulah  sandy loam, a p p l i e d  boron  d e c re a se d  th e  p e r  c e n t  
o rg a n ic  n i t r o g e n  i n  th e  p e t i o l e s  when n i t r o g e n  was a p p l i e d  b u t  had no 
e f f e c t  on o rg a n ic  n i t r o g e n  c o n c e n t r a t i o n  when no n i t r o g e n  was added.
Boron a p p l i e d  on Beulah sandy loam d id  n o t  a f f e c t  th e  p e r  c e n t  
p o ta ss iu m  in  th e  l e a f  t i s s u e .  However, on G renada-Callow ay s i l t  loam, 
a p p l i e d  boron  d e c re a se d  th e  p e r  c e n t  p o ta s s iu m  in  th e  p e t i o l e s  a t  two 
s ta g e s  o f  m a tu r i t y .
At two o f  t h r e e  s t a g e s  on th e  Beulah s o i l ,  a p p l i e d  boron  
In c re a s e d  th e  p e r  c e n t  ca lc iu m  in  th e  l e a f  b la d e s  b u t  had no e f f e c t  on 
p e r  c e n t  ca lc iu m  in  th e  p e t i o l e s .  Boron a p p l ie d  on G renada-Callow ay 
s i l t  loam in c r e a s e d  th e  p e r  c e n t  ca lc iu m  in  th e  p e t i o l e s  a t  two s t a g e s ,  
depending  on th e  n i t r o g e n  s u p p ly .
A pplied  n i t r o g e n  g e n e r a l l y  in c r e a s e d  th e  p e r  c e n t  o rg a n ic  
n i t r o g e n  in  th e  l e a f  b la d e s  and in c r e a s e d  th e  n i t r a t e  n i t r o g e n  concen ­
t r a t i o n  in  th e  p e t i o l e s  b u t  had no c o n s i s t e n t  e f f e c t  on th e
c o n c e n t r a t i o n s  o f  p o ta ss iu m  and ca lc iu m  i n  th e  l e a f  t i s s u e .
A pplied  p o ta ss iu m  had no e f f e c t  on th e  p e r  c e n t  o rg a n ic  n i t r o g e n
in  th e  l e a f  t i s s u e  b u t  in c r e a s e d  th e  n i t r a t e  n i t r o g e n  c o n c e n t r a t i o n  in  
th e  p e t i o l e s  a t  th e  e a r l y  b o l l  s t a g e  a t  each  l o c a t i o n .  G e n e ra l ly ,
xi
a p p l ie d  p o tass iu m  In c re a s e d  th e  per  c e n t  p o tass iu m  In  th e  l e a f  t i s s u e  
b u t  d e c re a se d  the  per c e n t  ca lc iu m  In th e  p e t i o l e s  a t  two s ta g e s  o f  
m a tu r i ty  on Grenada-Calloway s i l t  loam.
The c a lc iu m :b o ro n  r a t i o  In  th e  l e a f  t i s s u e  was g e n e r a l ly  
d ec rease d  by a p p l ie d  boron and In c re a s e d  by a p p l ie d  n i t r o g e n .  In  only  
one I n s ta n c e  was th e  c a lc iu m :b o ro n  r a t i o  in c r e a s e d  by a p p l ie d  p o tass iu m .
At two s ta g e s  o f  m a tu r i ty  In b o th  ex p e r im e n ts ,  a p p l ie d  boron 
d ec rease d  th e  p e r  c e n t  o f  r in g e d  p e t i o l e s ,  an a b n o rm a lity  which Is  
co n s id e re d  to  be a symptom o f  boron d e f i c i e n c y .  A pplied  n i t r o g e n  
g e n e r a l ly  in c r e a s e d  th e  o c c u r re n c e  o f  r in g e d  p e t i o l e s .  Po tass ium  
f e r t i l i z e r  In c re a se d  th e  o c c u r re n c e  o f  r in g e d  p e t i o l e s  on ly  a t  th e  e a r l y  
bloom s ta g e  on Beulah sandy loam when no boron was a p p l i e d .
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INTRODUCTION
In  1960 and 1961 abnormal f r u i t i n g  symptoms a s s o c i a t e d  w ith  low 
y i e l d s  o f c o t to n  were d e te c te d  in  the  L o e s s ia l  T e rra c e  and L o e s s ia l  
H i l l s  a r e a s  o f A rkansas .  During t h i s  p e r io d  and e a r l i e r , some c o t to n  
grow ers in  th e s e  a r e a s  o b ta in e d  lower th a n  ex pec ted  y i e l d s  from th e  
a p p l i c a t i o n  o f  th e  major n u t r i e n t  e lem ents  as  reconmended in  accordance  
w ith  s o i l  t e s t s .  Leaves o f  c o t to n  p l a n t s  f r e q u e n t ly  f a i l e d  t o  a b s c i s s  
n o rm a lly  and tended  t o  rem ain g reen  u n t i l  f r o s t .  Under th e se  c o n d i­
t i o n s  b o l l  r o t  was a common problem  and th e  norm al opening o f  th e  b o l l s  
was d e lay ed  u n d e s i r a b ly .  R e s u l ts  from f i e l d  exper im en ts  and su rvey  
d e m o n s tra t io n s  in  th e s e  and o th e r  a r e a s  in  1962 showed e a r l i e r  and 
b e t t e r  b o l l  opening and d e f i n i t e  in c r e a s e s  in  y i e l d  from th e  a p p l i c a t i o n  
o f  bo ron . I n  two f i e l d  e x p e r im e n ts ,  bo ron  a p p l ie d  s in g l y  and w ith  
n i t r o g e n  and p o ta ss iu m  had a pronounced e f f e c t  on th e  y i e l d  o f  c o t to n .
The a p p l ie d  boron produced more d e s i r a b l e  l e a f  shedding  and more t im e ly  
opening o f b o l l s .  O ther symptoms commonly o bserved  were ru p tu re d  
n e c t a r i e s  a t  the  b ase  o f s q u a re s ,  banded l e a f  p e t i o l e s ,  n e c r o s i s  o f  th e  
p i t h  o f l e a f  p e t i o l e s  and p ro fu se  f r u i t  sh ed d in g .  Chemical a n a ly se s  
showed low boron c o n c e n t r a t io n s  o f  IS to  20 ppm. in  th e  abnormal 
p e t i o l e s .
I t  was th e  pu rpose  o f  t h i s  s tu d y :  (a )  to  i n v e s t i g a t e  th e  
in f lu e n c e  o f  a p p l i c a t i o n s  o f bo ro n , n i t r o g e n  and p o ta ss iu m  on th e  y i e l d  
a t  f i r s t  h a r v e s t  and on th e  t o t a l  y i e l d  o f  c o t to n ;  (b) to  s tu d y  th e  
e f f e c t s  o f  th e se  a p p l ie d  n u t r i e n t  e lem ents  on th e  c o n c e n tra t io n s  o f  bo ron , 
n i t r o g e n ,  p o ta ss iu m  and ca lc ium  in  the  t i s s u e  o f th e  c o t to n  p l a n t ;  and
1
2(c )  t o  observe  the  r e l a t i o n s h i p s  o f  th e  a p p l ie d  n u t r i e n t s  to  th e  growth 
and f r u i t i n g  o f  the  c o t to n  p l a n t .
The t re n d  in  s o i l  t r e a tm e n t  f o r  c o t to n  p ro d u c t io n  has been toward 
th e  a p p l i c a t i o n  o f  any m a te r i a l  t h a t  has  a p o t e n t i a l  f o r  c o n t r ib u t in g  to  
y i e l d  and q u a l i t y .  In c re a se d  em phasis  has  been p la c e d  on e a r l i n e s s  o f  
b o l l  opening as  a means o f  m a in ta in in g  q u a l i t y  and m in im ising  r i s k s  t h a t  
a r i s e  w i th  machine h a r v e s t in g  d u r in g  r a in y  p e r io d s .
The a p p l i c a t i o n s  o f  in c r e a s in g  r a t e s  o f  major n u t r i e n t  e lem ents  
in  c o n c e n t ra te d  f e r t i l i z e r s  and o f  ground l im esto n e  have r e s u l t e d  in  
in c re a se d  crop y i e l d s  and have p la c e d  an  in c r e a s in g  demand on th e  bo ron- 
su p p ly in g  c a p a c i ty  of the  s o i l .  A f i e l d  s tu d y  on r e p r e s e n t a t i v e  s o i l  
ty p e s  was needed to  d e te rm ine  th e  r e l a t i o n s h i p s  o f  a p p l ie d  boron t o  the  
e f f e c t s  from a p p l i c a t i o n s  o f th e  m ajor n u t r i e n t  e lem en ts  on th e  f i r s t  
h a r v e s t  y i e l d  and on th e  t o t a l  y i e l d  o f  c o t to n .
I n  o rd e r  t o  more c o r r e c t l y  a s s e s s  th e  boron req u irem en t o f  c o t to n  
p l a n t s  growing in  th e  f i e l d ,  t h e r e  was a need f o r  a d d i t i o n a l  in fo rm a tio n  
co n cern ing  the  boron c o n c e n t r a t io n  in  th e  t i s s u e  o f  p l a n t s ,  p a r t i c u l a r l y  
th e  in f lu e n c e  o f  t re a tm e n t  on th e  boron  c o n c e n t r a t io n  in  the  t i s s u e .  
S ince  l e a f  p e t i o l e s  a r e  e a s i e r  to  h an d le  and p ro c e ss  th a n  l e a f  b la d e s ,  
i t  was d e s i r a b l e  to  know w hether t h i s  t i s s u e  could  be used as  
e f f e c t i v e l y  as  th e  l e a f  b la d e s  in  a s s e s s in g  the  boron s t a t u s  o f  the  
c o t to n  p l a n t .
In fo rm a t io n  concern ing  th e  e f f e c t s  of the  a p p l i c a t io n s  o f  boron , 
n i t r o g e n  and p o ta ss iu m  on th e  c o n c e n t r a t io n s  o f  th e s e  n u t r i e n t  elem ents  
in  th e  c o t to n  p l a n t  was d e s i r e d  in  o rd e r  t o  more f u l l y  u n d e rs ta n d  the  
r e l a t i o n s h i p s  in v o lv e d .  In  view o f  th e  v a s t  amount o f in fo rm a t io n  in  
th e  l i t e r a t u r e  on the  r e l a t i o n s h i p  o f  boron and ca lc iu m  in  p la n t
n u t r i t i o n ,  i t  seemed a l s o  d e s i r a b l e  to  s tudy  the  r e l a t i o n s h i p s  o f  th e  
t r e a tm e n ts  t o  the  c o n c e n t r a t io n  o f  ca lc iu m  and t o  th e  r a t i o  o f  th e  
c o n c e n t r a t io n  o f  ca lc ium  to  t h a t  o f  boron in  th e  t i s s u e s .  For v i s u a l l y  
d iag n o s in g  a d e f i c i e n c y  of boron in  c o t to n  p l a n t s  in  the  f i e l d ,  
a d d i t i o n a l  in fo rm a t io n  was needed co ncern ing  th e  r e l a t i o n s h i p  of 
a p p l ie d  boron and th e  boron c o n c e n t r a t io n  in  the  p l a n t  t i s s u e  to  the  
p re se n c e  of grow th a b n o r m a l i t i e s  in  c o t to n  p l a n t s .
REVIEW OF THE LITERATURE
E f f e c t s  o f  Boron on the  Growth and F r u i t i n g  o f  Cotton
E a r ly  i n v e s t i g a t i o n s  in  the  U nited  S t a t e s  w ith  boron as  r e l a t e d  
t o  c o t to n  were concerned  w ith  In c id e n c e s  o f  boron t o x i c i t y  due to  th e  
boron c o n te n t  o f  c e r t a i n  f e r t i l i z e r  m a t e r i a l s  (1 7 ,  161, 178, 196), 
B lackw ell  and C o l l in g s  (17) r e p o r te d  s e e d l in g  in ju r y  and d ec rease d  
c o t to n  y i e l d s  from th e  use o f  p o ta sh  m a t e r i a l  t h a t  co n ta in e d  as  h igh  as 
17.75 p e r  cen t  anhydrous b o rax .  S c h re in e r  e t  a l .  (178) r e p o r te d  th a t  
th e  t o x i c  l im i t  o f  borax  a p p l ie d  to  c o t to n  was between e ig h t  and n in e  
pounds p e r  a c r e .  Plumner and Wolf (161) r e p o r te d  t h a t  in  sandy s o i l s ,  
c o t to n  f a i l e d  to  grow in  p o ts  c o n ta in in g  th e  borax  e q u iv a le n t  to  over 
one pound o f boron p e r  a c re  w h ile  in  c la y  s o i l s ,  marked in ju r y  was 
p r e s e n t  on ly  when th e  amount o f  boron exceeded seven pounds p e r  a c r e .
In  a f i e l d  experim ent on a s i l t  loam s o i l ,  S k inner  and A l l i s o n  (196) 
found t h a t  borax  mixed w i th  f e r t i l i z e r s  and b ro a d c a s t  was no t always 
i n j u r i o u s  to  c o t to n  p l a n t s  a t  f iv e  pounds p e r  a c r e ,  10 pounds was 
s l i g h t l y  i n ju r io u s  and 20 pounds was d i s t i n c t l y  i n j u r i o u s .  The 20-pound 
p e r  a c r e  a p p l i c a t i o n  reduced th e  w eight of g re e n  p l a n t s  15 to  35 p e r  
c e n t .  A pplied  in  th e  d r i l l  j u s t  b e fo re  the  seed  were p la n t e d ,  f iv e  
pounds was s l i g h t l y  h a rm fu l ,  10 pounds was d i s t i n c t l y  i n j u r i o u s  and 20  
pounds caused sev e re  i n j u r y .  When th e  f e r t i l i z e r  was a p p l ie d  and 
a llow ed t o  s ta n d  u n t i l  a f t e r  a r a i n  b e fo re  th e  seed were p l a n t e d ,  th e  
i n j u r y  in  each case  was l e s s  s e v e re .
Sommer and Lipman (201) were th e  f i r s t  t o  d em o n stra te  th e  e s s e n ­
t i a l i t y  o f  boron f o r  th e  growth o f  c o t to n .  By working w ith  n u t r i e n t
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5s o lu t io n  c u l t u r e s ,  th e y  found t h a t  0 .5  ppm. o f  boron  was ad eq u a te  f o r  
th e  f i r s t  s e v e r a l  weeks o f  growth w h ile  p l a n t s  which d id  no t r e c e iv e  
boron made p r a c t i c a l l y  no grow th . Sommer (200) found t h a t  c o t to n  p l a n t s  
growing in  a b o ro n - f re e  n u t r i e n t  s o lu t i o n  in  a d u s t - f r e e  atm osphere d id  
no t grow beyond the  c o ty le d o n  s t a g e ,  and the  r o o ts  grew v e ry  l i t t l e .
From r e s u l t s  o f  a sand c u l t u r e  e x p e r im e n t ,  Eaton  (50) r e p o r te d  
t h a t  c o t to n  p l a n t s  were l a r g e s t  and had th e  g r e a t e s t  number o f  b o l l s  
w ith  th e  l a r g e s t  c o n c e n t r a t io n  o f  10 ppm. of boron in  th e  n u t r i e n t  
s o l u t i o n ,  but t h i s  c o n c e n t r a t io n  induced boron t o x i c i t y  symptoms. No 
s ig n  o f boron p o iso n in g  was shown a t  lower c o n c e n t r a t i o n s .  A nalyses 
showed t h a t  boron accum ulated  m ain ly  in  th e  l e a v e s .  He e s t im a te d  t h a t  
14,000 c o t to n  p l a n t s  l i k e  th o se  t r e a t e d  w i th  10 ppm. of boron  would 
remove from th e  s o i l  10 pounds of borax p e r  a c r e  p e r  y e a r .  The G eorgia  
A g r i c u l t u r a l  Experim ent S t a t i o n  (64) r e p o r te d  s im i l a r  r e s u l t s  showing 
t h a t  when n i t r a t e s  s u p p l ie d  th e  n i t r o g e n ,  about 10 ppm. o f  boron in  th e  
c u l t u r e  s o lu t i o n s  produced th e  maximum c o t to n  y i e l d .  However, t h i s  
c o n c e n t r a t io n  appeared  t o  s l i g h t l y  d e p re ss  v e g e t a t i v e  g row th .
H olley  and D ulin  (82) found t h a t  boron was n e c e s sa ry  f o r  f lo w e r-  
bud development in  c o t to n  p l a n t s  growing in  n u t r i e n t  s o l u t i o n s .  They 
s t a t e d  t h a t  th e  r e s u l t s  showed no ev id en ce  t h a t  boron has any r e l a t i o n  
to  f low er-bud  i n i t i a t i o n .  L ik ew ise ,  Tokuoka and Dyo (212) r e p o r te d  
t h a t  a sm a ll  a p p l i c a t i o n  o f boron to  s o i l s  a c c e l e r a t e d  f lo w e rin g  in  
c o t to n  p l a n t s .  In  t h i s  c o n n e c t io n ,  boron has been r e p o r te d  t o  i n f l u ­
ence p o l le n  tube  g e rm in a tio n  in  p l a n t s  o f  o th e r  s p e c ie s  (5 7 ,  176).
Novikov and Sadovskja  (138) a t t r i b u t e d  th e  in c re a s e d  s a l t  
r e s i s t a n c e  o f  b o r o n - t r e a te d  p l a n t s  to  th e  in f lu e n c e  o f  boron i n  reduc ing  
th e  a b s o rp t io n  o f  s a l t s  by r o o t s .  This h y p o th e s is  was l a t e r  su p p o rted
by th e  work of Gyul-Akhmedov (70) who r e p o r te d  t h a t  boron and s e v e ra l  
o th e r  t r a c e  e lem ents  h in d e re d  the  a b s o rp t io n  o f  c h lo r in e  by c o t to n  
p l a n t s  from s a l i n i z e d  s o i l s  and in c re a s e d  th e  c o t to n  y i e l d  13 to  60 p e r  
c e n t .  Yakubov and Uzenbaeva (240) r e p o r te d  r e s u l t s  from soak ing  c o t to n  
seed in  th e  fo llo w in g  s a l t s  and m ix tu re s :  0 .0 2  p e r  cen t Na2B^0 y ,
0 .0 1  p e r  c e n t  H3BO3 , 0 .0 6  p e r  c e n t  (NH4 ) 2Mo0 4 , 0 .0 5  p e r  c e n t  C0 SO4 ,
0 .08  p e r  cen t CUSO4 , and 0 ,0 5  p e r  cen t  ZnSO^. In  each case  t h e r e  was 
an in c r e a s e  in  th e  f i b e r  y i e l d  as compared to  th e  c o n t r o l s .  The g r e a t e s t  
in c r e a s e  in  th e  f i b e r  y i e l d  was n o ted  in  the  case  o f p l a n t s  whose seed 
were soaked in  s o lu t io n s  c o n ta in in g  a l l  of th e  s a l t s .
Work a t  the  New J e r s e y  A g r i c u l tu r a l  Experim ent S t a t i o n  (132) 
in d ic a te d  no s i g n i f i c a n t  d i f f e r e n c e  between grow th c r i t e r i a  o f  c o t to n  
p l a n t s  in  sand c u l t u r e s  t h a t  were t r e a t e d  w ith  boron c o n c e n t r a t io n s  
between 0 .5  and 2 .0  ppm. At c o n c e n t r a t io n s  below 0 .05  ppm ., th e  
p ro d u c t io n  of p la n t  su b s ta n c e  d e c re a se d  a b r u p t ly  because  o f  the 
a b s c i s s io n  o f  f low er buds and th e  m alfo rm atio n  o f  b o l l s  a s  a r e s u l t  o f  
boron d e f i c i e n c y .  R e s u l t s  from a l a t e r  experim en t (134) showed t h a t ,  
a l th o u g h  t h e r e  were no a p p a re n t  d i f f e r e n c e s  in  e x t e r n a l  appearance  of 
c o t to n  p l a n t s  h a rv e s te d  a t  f i r s t  bloom when grown under t r e a tm e n ts  
su p p ly in g  boron a t  0 .0 5  ppm. and 1 .0  ppm ., t h e r e  were s l i g h t  d i f f e r e n c e s  
in  th e  c a rb o h y d ra te  a n a l y s e s ,  which led  to  th e  c o n c lu s io n  t h a t  0 .05  
ppm. o f  boron was to o  low f o r  b e s t  growth and developm ent.
From experim en ts  conducted  in  R u s s ia ,  Tagi-Zade (210) s t a t e d  
t h a t  a p p l i c a t i o n s  o f boron and z in c  t o  c o t to n  in c re a s e d  th e  I n t e n s i t y  
o f  p h o to s y n th e s i s  d u r in g  th e  budding p e r io d  and l a t e r  growth s ta g e s  o f 
th e  p l a n t ,  fav o red  an in c r e a s e  in  th e  hydrocarbon  c o n te n t  o f  th e  p l a n t ,  
improved th e  e f f l u x  o f hydrocarbons  from le a v e s ,  in c re a s e d  th e  raw y i e l d
o f  c o t to n  and Improved i t s  q u a l i t y .  In  a n o th e r  experim ent (208) he 
found t h a t  boron  among s e v e r a l  o th e r  t r a c e  e lem ents  a p p l ie d  t o  th e  s o i l  
o r  a s  a f o l i a r  sp ray  in c re a s e d  th e  c o t to n  y i e l d ,  a c c e l e r a t e d  p l a n t  
grow th and th e  development o f  th e  r e p ro d u c t iv e  organs and in c re a se d  the  
w a te r -h o ld in g  c a p a c i ty  o f  l e a v e s .  He l a t e r  (209) r e p o r te d  t h a t  in  
b o r o n - t r e a t e d  c o t to n  p l a n t s  th e  m o is tu re  c o n te n t  o f  th e  le a v e s  was 
h ig h e r  th a n  in  c o n t r o l s , b o th  b e fo re  and a f t e r  w a te r in g .
Coleman (32) s t a t e d  t h a t  t h e  a p p l i c a t i o n  o f  boron in c re a s e d  th e  
seed c o t to n  y i e l d  50 t o  200 pounds p e r  a c r e  a t  th e  H o lly  S p r in g s  Branch 
Experim ent S t a t i o n  in  M is s i s s i p p i .  The y i e l d  in c r e a s e s  were a s s o c ia t e d  
w i th  an  I n c re a s e  b o th  in  s i z e  and number o f b o l l s .  R ep o rtin g  on more 
r e c e n t  i n v e s t i g a t i o n s  in  M i s s i s s i p p i ,  L a n c a s te r  e t  a l .  (106) s t a t e d  t h a t  
a s e v e re  b o l l  shedding  problem  was en co u n te red  in  1958 on an a c id  s o i l  
limed t o  pH 6 .4 .  They s t a t e d  t h a t  th e  problem  had been reco g n ized  
b e fo re  lime was a p p l i e d ,  b u t i t  became more a c u te  a f t e rw a r d s .  Based on 
r e s u l t s  o f  ex p er im en ts  in  1961, th ey  concluded t h a t  th e  t r o u b le  was due 
to  boron d e f i c i e n c y .  I n  th e s e  e x p e r im e n ts ,  s o i l s  t h a t  were no t a l r e a d y  
h e a v i ly  limed were limed a t  tw ice  th e  r a t e  in d ic a te d  by a  lime r e q u i r e ­
ment d e te r m in a t io n .  N i t ro g e n ,  phosphorus and p o tass iu m  were a d e q u a te ly  
and u n ifo rm ly  a p p l i e d .  R e s u l t s  i n d ic a te d  t h a t  bo th  b ro a d c a s t  and d r i l l  
a p p l i c a t i o n s  o f  boron w ere h ig h ly  e f f e c t i v e  i n  i n c r e a s in g  y i e l d s .  A 
d r i l l  a p p l i c a t i o n  o f  0 .5  pound p e r  a c re  was r e p o r te d  to  be a d e q u a te ,  o r  
more th a n  a d e q u a te ,  even under c o n d i t io n s  o f  s e v e re  boron d e f i c i e n c y .
A ccording t o  Page (1 4 7 ) ,  s e v e re  boron d e f i c i e n c y  symptoms had no t 
been d e te c te d  nor had l a r g e  c o t to n  y i e l d  re sp o n se  to  a p p l ie d  boron been 
o b ta in e d  p r i o r  t o  1964 in  South C a r o l in a .  Rogers (172) r e p o r te d  t h a t  in  
1964 on Lakeland sand , a re sp o n se  o f  2180 pounds o f  seed c o t to n  was
8o b ta in e d  from one pound o f  a p p l i e d  boron p e r  a c r e .  He s t a t e d  t h a t  in  
sev en  f i e l d  d e m o n s tra t io n s  t h a t  y e a r ,  an av e ra g e  re sp o n se  o f 118 pounds 
o f  l i n t  p e r  a c r e  was o b ta in e d  from 0 .4  pound o f boron as  a f o l i a r  
a p p l i c a t i o n .
In  N orth  C a r o l i n a ,  a c c o rd in g  to  Cox ( 3 9 ) ,  i n c r e a s e s  in  y i e l d  of 
970 and 630 pounds o f  seed  c o t to n  p e r  a c r e ,  r e s p e c t i v e l y ,  were o b ta in e d  
from 0 .3  and 0 .6  pound of boron a p p l i e d  t o  Fuquay loamy sa n d .  The same 
t r e a tm e n ts  gave i n c r e a s e s  o f  120 and 340 pounds p e r  a c r e ,  r e s p e c t i v e l y ,  
on L en o ir  s i l t  loam. No re sp o n se  t o  a p p l ie d  bo ron  was o b ta in e d  on 
N o rfo lk  loamy sa n d ,  N o rfo lk  loaoy  f i n e  s a n d ,  N o r fo lk  v e ry  f i n e  sandy 
loam and M arlboro  loamy f in e  sand .
A lthough e a r l i e r  work in  G eorg ia  by O lsen  (142) had shown no 
c o n s i s t e n t  r e sp o n se  t o  boron a p p l i c a t i o n ,  Giddens ( 6 6 ) r e p o r te d  
re sp o n se s  o f  351 and 489 pounds o f  seed  c o t to n  from 0 .5  and 1 .0  pound, 
r e s p e c t i v e l y ,  o f  a p p l i e d  boron p e r  a c r e  on C e c i l  sandy loam in  1964.
At two o th e r  l o c a t i o n s  c o t to n  f a i l e d  t o  re spond  to  a p p l ie d  bo ron .
W ear 's  work in  Alabama showed t h a t  boron  a p p l i c a t i o n  in c r e a s e d  
th e  y i e l d  o f  seed c o t to n  by an a v e ra g e  o f  150 pounds p e r  a c re  in  a 
t h r e e - y e a r  f i e l d  ex p e r im en t a t  th e  Sand M ountain  S u b s ta t io n  (2 2 5 ) .  At 
21 o th e r  l o c a t i o n s  in  Alabama an a v e rag e  in c r e a s e  of 51 pounds o f  seed 
c o t to n  p e r  a c r e  r e s u l t e d  from boron  a p p l i c a t i o n .  I t  waB o b se rv ed  in  one 
f i e l d  t h a t  c o t to n  p l a n t s  had f a i l e d  t o  bloom by J u ly  2 4 ,  b u t  th e  f i e l d  
was in  f u l l  bloom 10 days a f t e r  a f o l i a r  a p p l i c a t i o n  o f boron was made.
At seven l o c a t i o n s  in  A rkansas in  1962, a p p l i e d  boron r e s u l t e d  
in  y i e l d  I n c re a s e s  t h a t  v a r i e d  from 101 to  1029 pounds o f  seed c o t to n  
p e r  a c r e .  The e x p e r im e n ts  were lo c a te d  on s i l t  loam s o i l s  in  th e  
L o e s s ia l  T e rra c e  a r e a  ( 9 6 ) .
9Hardy (75) s t a t e d  t h a t  on two s o i l s  in  A rkansas , re sp o n se s  to  
a p p l i c a t i o n s  of n i t r o g e n  and p o ta ss iu m  were dependent upon boron 
a p p l i c a t i o n s .  The exper im en ts  were lo c a te d  on s i t e s  where a b n o rm a l i t ie s  
which were though t t o  be boron d e f i c i e n c i e s  had been observed  th e  
p re v io u s  y e a r .  On Dundee f in e  sandy loam in  th e  White R iv e r  bottom  in  
Jackson  County, no re sp o n se  t o  n i t r o g e n  o r p o tass iu m  a p p l i c a t i o n  was 
o b ta in e d  when boron was no t a p p l i e d .  There was a tendency  toward a 
y i e ld  in c r e a s e  when n i t ro g e n  was a p p l ie d  w ith  bo ron , and a h ig h ly  
s i g n i f i c a n t  response  r e s u l t e d  when n i t r o g e n  and p o ta ss iu m  bo th  were 
a p p l ie d  w ith  boron . On F a lay a  s i l t  loam in  th e  L o e s s ia l  H i l l s  a r e a ,  
n i t r o g e n  and p o ta ss iu m  a p p l ie d  to g e th e r  w ith o u t  boron tended  to  d ec re a se  
y i e ld  bu t when a p p l ie d  e i t h e r  s in g ly  w i th  boron o r t o g e th e r  w ith  b o ro n ,  
an in c r e a s e  in  y i e l d  was o b ta in e d .  From p e r s o n a l  coom unlca tions  i t  was 
le a rn e d  t h a t  11 th e  s o i l s  on which th e  above A rkansas experim en ts  were 
conducted had been p r e v io u s ly  lim ed , o r  the  s o i l  pH had been r a i s e d  by 
th e  use o f  i r r i g a t i o n  w a te r  which co n ta in e d  c o n s id e ra b le  c o n c e n t r a t io n s  
of ca lc ium  and magnesium s a l t s .
L a n c a s te r  (105) r e p o r te d  from an experim en t on Grenada s i l t  loam 
in  M is s i s s ip p i  t h a t  th e  tendency  f o r  a p p l ie d  p o tass iu m  to  d e p re ss  th e  
c o t to n  y i e l d  was overcome by a p p l i c a t i o n  o f  a t r a c e  elem ent m ix tu re  which 
inc luded  boron.
Waddle (218) r e p o r te d  r e s u l t s  of a m u l t i p l e - f a c t o r  experim ent 
in v o lv in g  boron t re a tm e n t  a t  f i v e  s i t e s  on c e r t a i n  m edlum -textured  s o i l s  
in  th e  A rkansas R iver  bottom  and a d jo in in g  t e r r a c e s .  Boron t re a tm e n ts  
c o n s is te d  of 0 .8  to  0 .9 4  pound o f  boron p e r  a c r e  as  pre>em ergence, 
banded sp ray  a p p l i c a t i o n s .  Two v a r i e t i e s  of c o t t o n ,  Rex and D e lta p in e  
Smooth L eaf,  were u s e d ,  and c e r t a i n  i n s e c t i c i d e  and h e r b ic id e  t re a tm e n ts
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were a p p l i e d .  The a p p l i c a t i o n  o f  boron in c re a se d  s e e d l in g  m o r t a l i t y  
from 0 .0 2  to  0 .1 3  p e r  cen t a t  one s i t e ;  reduced  the  f req u en cy  o f  tom otic  
p l a n t s  a t  two s i t e s ;  reduced  the  f req u en cy  o f  s e v e re  te r m in a l  bud 
a b o r t io n  and an accompanying bushy p la n t  appearance  due to  th e  a r i s i n g  
o f  s id e  b ranches  a t  one s i t e ;  In c re a se d  the  f i r s t  h a r v e s t  y i e l d s  a t  two 
s i t e s ;  in c re a se d  th e  f i b e r  s t r e n g th  of Rex c o t to n  a t  one s i t e ;  and 
tended  to  in c r e a s e  th e  y i e l d  o f  th e  Rex v a r i e t y  when i n s e c t i c i d e s  were 
a p p l ie d  to  th e  s e e d l in g s  a t  one o f  th e  f iv e  s i t e s .
No y i e l d  resp o n se  from c o t to n  was o b ta in e d  to  a p p l ie d  boron in  
t e n  f i e l d  exper im en ts  t h a t  were conducted  on e ig h t  d i f f e r e n t  s o i l s  in  
L o u is ia n a  in  1963 (1 8 5 ) .  The fo llo w in g  y e a r  (186) S edberry  and Nugent 
r e p o r te d  a s i g n i f i c a n t  re sp o n se  t o  a p p l ie d  boron in  o n ly  one o f  28 f i e l d  
ex p e r im e n ts .  A re sp o n se  o f  726 pounds o f seed  c o t to n  p e r  a c r e  from one 
pound o f a p p l ie d  boron was o b ta in e d  on H ebert very  f i n e  sandy loam. At 
th e  Macon Ridge Branch Experim ent S t a t i o n  (1 8 9 ) ,  boron  a p p l i c a t i o n  had 
no s i g n i f i c a n t  e f f e c t  on c o t to n  y i e l d  on limed or unllmed p l o t s  in  1963 
o r in  1964. C o tton  on p l o t s  t r e a t e d  w ith  th r e e  to n s  p e r  a c re  o f 
d o lo m i t ic  l im e s to n e  in  1963 and w i th  one to n  p e r  a c r e  o f ground o y s te r  
s h e l l  f l o u r  in  1964 showed no resp o n se  to  boron a p p l i c a t i o n s .  I t  was 
s t a t e d  t h a t  i n s u f f i c i e n t  m o is tu re  d u r in g  each o f th e  two growing seasons  
may have been r e s p o n s ib le  f o r  r e l a t i v e l y  low y i e l d s  o b ta in e d  on a l l  
p l o t s .  In  a n o th e r  experim ent w ith  c o t to n  on Norwood s i l t  loam, S ed b e rry ,  
Nugent and M a rsh a l l  (188) o b ta in e d  no re sp o n se  to  a p p l ie d  boron when one 
pound o f  boron was a p p l ie d  a t  fou r  l e v e l s  o f  n i t r o g e n  and two l e v e l s  
each o f  P2O5 and K2O.
King e t  a l .  (98) r e p o r te d  t h a t  boron a p p l i c a t i o n  had no e f f e c t  on 
th e  d i s e a s e  o f  c o t to n  known as " c ra z y  t o p , "  L ik ew ise ,  Vasudeva (216)
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s t a t e d  t h a t  borax  a p p l i c a t i o n  d id  n o t h e lp  c o n t r o l  r o o t  r o t  d i s e a s e  
o f  c o t to n  in  th e  Punjab o f  I n d ia .  Bobko (19) r e p o r te d  t h a t  c o t to n  
developed  s a t i s f a c t o r i l y  when boron was l e f t  o u t  o f  th e  n u t r i e n t  
s o l u t i o n ,  b u t t h a t  w i l t  d e c re a se d  and y i e l d  in c r e a s e d  when boron was 
added.
Numerous w orkers  have r e p o r te d  t h a t  a d e f i c i e n c y  o f boron 
i n t e r f e r e s  w i th  th e  ca rb o h y d ra te  and p r o t e in  m etabo lism  o f  p l a n t s .  An 
e x te n s iv e  rev iew  o f  th e  e f f e c t  o f  boron on c a rb o h y d ra te  m etabo lism  o f  
p l a n t s  h a s  been compiled by Gauch and Dugger ( 6 2 ) .  Workers a t  th e  
New J e r s e y  A g r i c u l tu r a l  Experiment S t a t i o n  (134) r e p o r te d  t h a t  n e c r o s i s  
o f  th e  young co nduc ting  t i s s u e s  o f  b o r o n - d e f i c i e n t  p l a n t s  was found to  
i n h i b i t  th e  t r a n s l o c a t i o n  o f  su g a rs  t o  th e  stem  t i p s  and t o  cause  e x ces ­
s iv e  accu m u la tio n  o f  s t a r c h  in  th e  wood o f  th e  p l a n t s .  Abutalybov (1) 
r e p o r te d  t h a t  sp ra y in g  c o t to n  p l a n t s  w ith  s o lu t i o n s  o f  boron and 
manganese In c re a se d  th e  r a t e  o f  su g ar  s y n t h e s i s ,  i n t e n s i f i e d  su c ro se  
fo rm a tio n  and in c re a s e d  th e  f low  o f  su g a rs  from th e  l e a v e s .  A lie v  (3) 
found t h a t  t r a c e  e lem ents  In c lu d in g  boron a c c e l e r a t e d  t r a n s l o c a t i o n  o f 
su g a rs  from c o t to n  lea v e s  to  th e  seed c a s e s .  L a te r ,  he (4) r e p o r te d  
t h a t  boron a d d i t i o n  in c re a s e d  sugar  t r a n s p o r t  i n  th e  s tem -b a rk  o f  c o t to n  
p l a n t s  and p roposed  t h a t  th e  elem ent p la y s  a r o l e  in  th e  fo rm a tio n  o f 
c o n d u c tiv e  t i s s u e .  The e f f e c t s  o f  sugar  t r a n s l o c a t i o n  were a s s o c ia te d  
w i th  th e  s y n th e s i s  and c o n te n t  o f  amino a c id s  and p r o t e i n  in  t h e  p l a n t s .  
L iang and Tsao (109) found t h a t  su p p lem en ta l  boron n o t o n ly  in c re a s e d  
th e  s t a r c h  c o n te n t  and red u c in g  su g a rs  o f  th e  le a v e s  o f  c o t to n  p l a n t s  
b u t a l s o  in c re a se d  th e  red u c in g  su g a rs  in  th e  b o l l s .  They concluded 
t h a t  s t a r c h  o f  th e  le av es  i s  th e  main raw m a t e r i a l  used  in  th e  s y n th e s i s  
o f f i b e r  in  th e  b o l l .  S i m i l a r l y ,  Tagi-Zade (209) found t h a t  c o t to n
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p l a n t s  t r e a t e d  w i th  boron showed more r a p id  accu m u la tio n  o f  ca rbohy­
d r a t e s  in  th e  r e p ro d u c t iv e  organs th an  d id  u n t r e a te d  p l a n t s .
F u r th e r  ev idence  o f  th e  r o l e  o f  boron in  c a rb o h y d ra te  m etabolism  
was p r e s e n te d  by W adleigh and Shlve (220) who r e p o r te d  t h a t  f r u c t o s e , 
which cou ld  n o t  be d e te c te d  In  c o t to n  p l a n t s  s u p p l ie d  w i th  b o ro n , 
accum ulated  more and more a s  boron  d e f i c i e n c y  in  u n t r e a te d  p l a n t s  
became more s e v e re .
R eports  o f  c a rb o h y d ra te  accu m u la tio n s  in  b o r o n - d e f i c i e n t  p l a n t s  
o f o th e r  s p e c ie s  have been r e p o r te d  by many w orkers  (2 3 ,  72, 73, 87 ,
94 , 9 5 , 112, 184, 191). F a e h n r ic h  (57) found t h a t  io n iz e d  s u c ro s e -  
boron complexes were b e t t e r  t r a n s l o c a t e d  in  p l a n t  t i s s u e  th a n  sucrose*  
S i s l e r  e t  a l .  (195) r e p o r te d  t h a t  boron p la y s  a r o le  In  th e  
t r a n s l o c a t i o n  o f  s u g a r s ,  bu t t h a t  once th e  m o rp h o lo g ic a l  symptoms o f  
boron d e f i c i e n c y  were v i s i b l e ,  a p p l ie d  boron d id  no t a id  in  th e  
d i s t r i b u t i o n  o f  sugar  from d e f i c i e n t  t i s s u e s .
S c r ip tu r e  and McHarque (183) concluded t h a t  th e  v i s i b l e  symptoms 
o f  boron d e f i c i e n c y  i n d i c a t e  an ex cess  o f  c a rb o h y d ra te s  and a sh o r ta g e  
o f  p r o t e in  in  th e  m e r is te m a t ic  r e g io n .  According to  Jo h n s to n  and 
Dore ( 8 7 ) ,  Haas and K lo tz  (72) and Gauch and Dugger ( 6 2 ) ,  accu m u la tio n  
of c a rb o h y d ra te s  in  th e  le a v e s  i s  th e  r e s u l t  o f  a  breakdown o f  th e  
phloem. In  su p p o rt  o f  t h i s  v iew , J o l i v e t t e  and Walker (89) r e p o r te d  t h a t  
th e  e a r l i e s t  symptom o f  boron d e f i c i e n c y  in  th e  g a rd en  b e e t  was a 
d e g e n e ra t io n  o f  th e  phloem t i s s u e  o f  th e  r o o ts  and p e t i o l e s .  They a l s o  
r e p o r te d  n e c r o s i s  o f  th e  xylero t i s s u e  as d id  Lorenz (1 1 1 ) ,  who found 
t h a t  many p e t i o l e r  v e s s e l s  o f  th e  g a rden  b e e t  were p lugged w i th  a 
d a r k -c o lo r e d ,  gum -like  s u b s ta n c e .  Dennis (44) r e p o r te d  t h a t  in  bo ron- 
d e f i c i e n t  t u r n i p  p l a n t s  th e  t r a n s l o c a t i o n  o f  c a rb o h y d ra te s  was Impaired
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even though th e  c o n d i t io n  o f th e  phloem appeared  unchanged. Gauch and 
Dugger (62) a l s o  concluded t h a t ,  even p r i o r  to  any o b se rv a b le  e f f e c t  
o f  boron d e f i c i e n c y  on th e  phloem, boron d e f i c i e n c y  p la y s  a r o le  in  th e  
t r a n s l o c a t i o n  o f  c a rb o h y d ra te s  from le a v e s  to  o th e r  p o r t io n s  o f th e  
p l a n t .
Yih and C la rk  (241 , 2 4 2 ) ,  working w ith  to m a to e s ,  concluded t h a t  
la c k  o f  growth is  n o t due to  sugar  d e f i c i e n c y  s in c e  th e  ro o t  t i p s  o f 
b o r o n - d e f i c i e n t  p l a n t s  were h ig h e r  in  c a rb o h y d ra te s  th an  were th o se  of 
p l a n t s  r e c e iv in g  boron. R a th e r  th e y  su g g es ted  t h a t  boron i s  r e q u i re d  
a t  some s ta g e  o f  c e l l  d i v i s i o n .  Workers from R u ss ia  (1 9 2 , 193, 194) have 
r e p o r te d  t h a t  th e  cause  o f  dy ing  o f growing p a r t s  in  b o r o n - d e f i c i e n t  
p l a n t s  i s  a  d e f i c i e n c y  of n u c l e i c  a c id .  They found t h a t  symptoms o f  
boron d e f i c i e n c y  in  sun flow er  p l a n t s  were e l im in a te d  by p ro v id in g
r ib o n u c le ic  a c id  (RNA) to  th e  n u t r i e n t  s o l u t i o n .  I t  was concluded t h a t
boron p la y s  a r o l e  in  th e  energy-exchange  system  in v o lv in g  adenosine  
t r ip h o s p h a te  (ATP) and r e s p i r a t i o n .  Bozhenko e t  a l .  (21) s t a t e d  t h a t  
p r e - t r e a tm e n t  o f  seed w ith  boron under d ro u th  c o n d i t io n s  r a i s e d  the  ATP
le v e l  by as  much as 65 p e r  cen t a t  th e  grow th p o in t s  and up to  47 p e r
cen t in  th e  r o o t s .  M ininberg  (125) observed  t h a t  in  June  and J u ly ,  
e s p e c i a l l y  in  h o t w e a th e r ,  boron a p p l i c a t i o n  in c re a se d  the  s t r e n g t h  o f 
bond o f c h lo r o p h y l l  in  th e  p r o t e i n  complex in  g rape  le a v e s .
S e v e ra l  w orkers  ( 9 ,  140, 167, 232, 244) have r e p o r te d  an 
a s s o c i a t i o n  between boron and the  u t i l i z a t i o n  o f  phosphorus by p l a n t s .  
Reed (167) found t h a t  in o rg a n ic  pho sp h a te s  were tra p p e d  in  th e  n e c r o t i c  
phloem of b o r o n - d e f i c i e n t  p e t i o l e s  o f  c e le r y  p l a n t s .  Gauch and 
Dugger (62) su g g es ted  t h a t  t h i s  c o n d i t io n  might imply a f a i l u r e  in  
p h o s p h o ry la t io n  o r  in  r e s y n th e s i s  o f  ATP. They s t a t e d  t h a t  t h i s  would
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o ccur  i f  Che t r i o s e  phosphate  dehydrogenase system  were i n a c t i v a t e d .
T h u s , g lu c o se  would accum ulate  due to  n o n p h o sp h o ry la t io n  in  th e  
absence o f ATF, F ru c to s e  has  been r e p o r te d  to  accum ulate  in  boron- 
d e f i c i e n t  c o t to n  p l a n t s  (2 2 0 ) .  Gauch and Dugger (62) s t a t e d  t h a t  th e  
la c k  o f ATP would a l s o  im pair  th e  s y n th e t i c  r e a c t i o n s  a s s o c ia te d  w i th  
phosphate -bond  e n e rg y ,  among which a r e  thought to  be th e  s y n th e s i s  o f  
g lu tam in e  and p e p t id e  bonds. They f u r t h e r  p roposed  t h a t  t h i s  would 
e x p la in  th e  accum ula tion  of c e r t a i n  s o lu b le  n i t r o g e n  compounds in  
b o r o n - d e f i c i e n t  p l a n t s .  T h e ir  view was su p p o rted  by th a t  o f  
W hite-S tevens  (230) who had e a r l i e r  proposed  t h a t  c a rb o h y d ra te  
d e f ic ie n c y  in  the  m eris tem s o f b o r o n - d e f i c i e n t  p l a n t s  i s  due t o  la c k  o f 
adequate  e n e rg y ,  s u p p l ie d  n o rm a lly  by r e s p i r a t i o n  o f  c a rb o h y d ra te s .
Workers a t  th e  New J e r s e y  A g r i c u l t u r a l  Experim ent S t a t i o n  (1 3 3 ,  
134) r e p o r te d  t h a t  e x c e s s iv e  ammonium accum u la tio n s  were found in  
b o r o n - d e f i c i e n t  c o t to n  p l a n t s  h a r v e s te d  a t  th e  tim e o f  th e  f i r s t  
b lossom , even when th e  n i t r o g e n  in  th e  n u t r i e n t  medium o ccu rred  o n ly  in  
th e  n i t r a t e  form. They concluded  t h a t  a l th o u g h  a p p a r e n t ly  n i t r o g e n  
r e d u c t io n  may proceed  no rm ally  in  th e  absence o f  b o ro n ,  th e  s y n th e t i c  
p ro c e s s e s  th ro u g h  which n i t r o g e n  i s  in t ro d u c e d  i n to  th e  o rg a n ic  system  
a re  i n h i b i t e d .  As compared w i th  norm al p l a n t s ,  boron  d e f i c i e n c y  
symptoms were always accompanied by a pronounced in c r e a s e  in  a l l  s o lu b le  
n i t r o g e n  f r a c t i o n s  and by a marked d e c re a se  in  the  p r o t e i n  n i t r o g e n  in  
a l l  t i s s u e s ,  th e  most marked d e v ia t io n s  ap p e a r in g  in  th e  t i s s u e s  o f th e  
stem  and the  l e a s t  d e v ia t io n s  in  th e  le a v e s .  These c o n d i t io n s  were 
i n t e r p r e t e d  a s  i n d i c a t in g  a r e l a t i v e l y  h igh  d eg ree  o f  p r o t e o ly s i s  and 
th e  accompanying degeneracy  o f  p ro to p lasm . There was no ap p a re n t  
d i f f e r e n c e  in  e x t e r n a l  appearance  o r in  the  n i t r o g e n  f r a c t i o n s  among
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p l a n t s  grown under boron l e v e l s  ran g in g  from 0 ,0 5  to  1 ,0  ppm.
Based on r e s u l t s  from n u t r i e n t  s o lu t io n  ex p er im en ts  w i th  c o t to n ,  
Schropp and Arenz (179) concluded t h a t  p l a n t  i n j u r y  from boron 
d e f i c i e n c y  was due to  amnonia p o iso n in g  a s s o c i a t e d  w i th  c a rb o h y d ra te  
d e f i c i e n c y  and t h a t  th e  e f f e c t  o f  boron on carbon  d io x id e  a s s i m i l a t i o n  
and p r o t e in  fo rm a tio n  was i n d i r e c t  s in c e  boron p re v e n te d  an undue 
s w e l l in g  o f  plasm a c o l l o i d s ,  th e r e b y  f a v o ra b ly  i n f lu e n c in g  th e  w a te r  
r e l a t i o n s .
R e s u l t s  o f numerous exper im en ts  w i th  o th e r  crop s p e c ie s  (108 ,
126, 129, 180, 184, 206, 207, 213) have shown t h a t  t i s s u e s  o f  bo ron- 
d e f i c i e n t  p l a n t s  c o n ta in e d  more n o n - p ro te in  n i t r o g e n  th a n  th o se  o f 
p l a n t s  s u p p l ie d  w i th  bo ron . However, Wadleigh and Shive (220) s t a t e d  
t h a t  in  th e  stem  a p ic e s  o f  b o r o n - d e f i c i e n t  c o t to n  p l a n t s  grown in  w a te r  
c u l t u r e s  th e  n i t r a t e - n i t r o g e n  c o n te n t  was much lower th a n  in  normal 
p l a n t s .  T h is  was a t t r i b u t e d  to  f a i l u r e  o f  n i t r a t e  a b s o rp t io n  owing t o  
d e a th  o f  r o o t  a p i c e s .  There was a  marked a ccu m u la t io n  o f  ammonia 
n i t r o g e n  in  b o r o n - d e f i c i e n t  p l a n t  c e l l s  which a l s o  showed h ig h  a c i d i t y .  
They concluded  from th e  f a c t  t h a t  b o th  su g a rs  and ammonia n i t r o g e n  
accum ulated  i n  b o r o n - d e f i c i e n t  p l a n t s  t h a t  boron  d e f i c i e n c y  b r in g s  about 
a d e c re a se d  r a t e  o f  o x id a t io n  o f  su g a rs  and o f  a m in a tio n  o f c a rb o h y d ra te  
d e r i v a t i v e s  so t h a t  p r o t e i n  s u b s ta n c e s  n e c e s s a ry  f o r  m ain tenance o f  
p ro to p la sm  a re  no t formed. T h is  v iew  was su p p o rted  by m lcrochem lca l 
t e s t s  f o r  p r o t e i n .  The d i s tu r b a n c e  o f  th e  c a rb o h y d ra te  and n i t r o g e n  
m etabo lism  o f  b o r o n - d e f i c i e n t  p l a n t s  was a t t r i b u t e d  t o  a  d i s tu r b a n c e  o f 
th e  norm al o x i d a t io n - r e d u c t io n  r e l a t i o n  o f  th e  c e l l ,
Tagi-Zade (210) r e p o r te d  t h a t  m ic ro e le m e n ts ,  e s p e c i a l l y  z in c  and 
b o ro n ,  In f lu e n c e d  a c o n s id e ra b le  in c r e a s e  in  th e  c o n te n t  o f  p r o t e in
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n i t r o g e n  o f  c o t to n  le a v e s  d u r in g  th e  f i r s t  s ta g e  o f  v e g e t a t i o n .  In  
th e  c o n t r o l  p l a n t s  d u r in g  th e  v e g e t a t i v e  s ta g e  th e  c o n te n t  o f  p r o t e in  
n i t r o g e n  in c re a s e d  w h i le  in  th e  b o r o n - t r e a t e d  p l a n t s  i t  d e c re a se d .
During th e  budding s t a g e ,  m icroe lem en ts  in f lu e n c e d  a  d e c re a se  in  th e  
r a t i o  o f  n o n - p ro te in  n i t r o g e n  t o  p r o t e in  n i t r o g e n  as  compared w i th  t h a t  
o f  th e  c o n t r o l  p l a n t s  w h ile  d u r in g  th e  f lo w e r in g  s t a g e ,  c o n v e r s e ly ,  
t h a t  r a t i o  in c r e a s e d .  R e s u l t s  w i th  o th e r  p l a n t  s p e c ie s  have shown 
t h a t  p r o t e in  fo rm a tio n  i s  i n h i b i t e d  by boron  d e f i c i e n c y  (1 8 ,  2 3 ,
183, 184).
P a rk s  e t  a l .  (155) s tu d ie d  th e  In f lu e n c e  o f  boron on th e
c o n c e n t r a t io n  o f  13 d i f f e r e n t  e lem en ts  in  tom ato  le a v e s .  They found
t h a t  maximum c o n c e n t r a t io n s  o f  c a lc iu m , magnesium and s u l f u r  and minimum
c o n c e n t r a t io n s  o f  z i n c ,  copper and p o ta ss iu m  o c c u rre d  in  l e a f l e t s  from
th e  0 .5  ppm. boron t re a tm e n t  as  compared w i th  th o se  from th e  0 . 0 ,  1 5 .5 ,
3 0 .5 ,  4 5 .5  and 60 .5  ppm. boron t r e a tm e n ts .  The r e s u l t s  o f f e r e d  a
p o s s ib l e  e x p la n a t io n  o f  c o n fu s io n  in  th e  l i t e r a t u r e  on th e  s u b j e c t .
They s t a t e d  t h a t  r e p o r t s  o f  in c r e a s e d  o r  d e c re a se d  c o n c e n t r a t io n s  o f
c e r t a i n  n u t r i e n t  e lem en ts  a s s o c i a t e d  w i th  in c r e a s e d  boron su p p ly  (2 8 ,
169, 202, 206) cou ld  a l l  be e x p la in e d  i f  one assumes d i f f e r e n t  i n i t i a l
l e v e l s  o f  bo ron . One i n t e r e s t i n g  r e s u l t  o f  t h e i r  work was t h a t  th e
c o n c e n t r a t io n  o f  molybdenum in  th e  p l a n t  was more s t r i k i n g l y  a f f e c t e d
by th e  boron supp ly  th a n  th e  c o n c e n t r a t io n  o f  any o th e r  e lem en t.  They
su g g e s te d  t h a t  boron  may be a component o f  one o r  more i n t e r a c t i o n s  o r
t h a t  complex i n t e r a c t i o n s  in v o lv in g  more th a n  two e lem en ts  may e x i s t .
•  *
D orfm uH er (47) r e p o r te d  t h a t  when th e  w a te r  supp ly  was ab u n d an t ,  
b o r o n - t r e a t e d  legumes t r a n s p i r e d  more i n t e n s e l y  th a n  u n t r e a te d  ones.
As th e  w a te r  supp ly  was re d u c e d ,  th e  t r e a t e d  p l a n t s  were th e  f i r s t  t o
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reduce  t h e i r  w a te r  l o s s .  Severed le a v e s  from t r e a t e d  p l a n t s  l o s t  w a te r  
more s low ly  th a n  th o se  from th e  u n t r e a t e d  p l a n t s .  Based on r e s u l t s  o f 
sand c u l t u r e  e x p e r im en ts  w ith  snap b ean s ,  sun flow ers  and to m a to e s ,
Baker e t  a l .  (7) conc luded  th a t  th e  t r a n s p i r a t i o n  r a t e  o f  boron- 
d e f i c i e n t  p l a n t s  i s  much lower th a n  t h a t  o f  normal p l a n t s .  They 
a t t r i b u t e d  t h i s  a t  l e a s t  in  p a r t  to  th e  h ig h e r  c o n c e n t r a t io n  o f  sugar  
and c o l l o i d s ,  d e c re a se d  w a te r  a b s o r p t io n  and the  p re se n c e  o f  abnormal 
l e a f  morphology in c lu d in g  a h igh  p e rc e n ta g e  of n o n - fu n c t io n a l  s tom ates  
in  th e  d e f i c i e n t  p l a n t s .
O ther r e s u l t s  t h a t  may be p e r t i n e n t  to  th e  e f f e c t  o f  boron  on 
th e  growth and developm ent of c o t to n  have been review ed by Dennis (43) 
and Dennis and Dennis ( 4 0 ,  41, 4 2 ) .
Symptoms o f  Boron D e f ic ie n c y  and T o x ic i ty  in  C o tton  P la n t s
Eaton  (50) r e p o r t e d  th a t  c o t to n  p l a n t s  grown w i th o u t  b o ro n , o th e r  
th a n  th e  t r a c e  p r e s e n t  in  sand c u l t u r e s ,  became s tu n te d .  The le a v e s  
were buck led  and i r r e g u l a r l y  shaped w h ile  i r r e g u l a r  a r e a s  o f  th e  lam ina 
became c h l o r o t i c  and d i e d .  Most o f  th e  f low er  buds and young b o l l s  
were shed . S i m i l a r l y ,  H o lley  and D ulin  (82) observed  t h a t  f lo w e r in g  
was s e r i o u s l y  l im i te d  in  c o t to n  p l a n t s  growing in  sand c u l t u r e s  s u p p lie d  
w ith  n u t r i e n t  s o lu t i o n s  c o n ta in in g  0 .1  ppm. o f  b o ro n ,  b u t  v e g e t a t i v e  
growth was no t a p p a r e n t ly  l im i te d  when compared w ith  p l a n t s  growing in  
c u l t u r e s  su p p lie d  w i th  1 .0  ppm. o f  boron . During th e  f i r s t  e ig h t  weeks 
o f  g row th , t h e r e  was l i t t l e  to  no d i f f e r e n c e  in  appearance  o f  th e  p l a n t s  
a t  th e  two boron l e v e l s .  W ithin  n in e  w eeks, a b s c i s s io n  o f  f lo w e rs  and 
s c a r c i t y  o f blooms w ere n o t i c e a b le  on p l a n t s  growing a t  th e  0 . 1  ppm. o f 
boron l e v e l .  As th e  growing p e r io d  advanced , th e  f lo w er  buds a b s c i s s e d
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a t  s m a l le r  s i z e s  so t h a t  th ey  darkened  and dropped when th e y  were so 
sm all  t h a t  th e y  were s c a r c e ly  r e c o g n iz a b le .  In  a s im i l a r  experim ent 
(81) they  observed  t h a t  young le a v e s  o f  c o n t r o l  p l a n t s  were t h i c k ,  
b a d ly  c u r l e d ,  and t h e i r  p e t i o l e s  were u n u s u a l ly  b r i t t l e .
Schropp and Arenz (179) r e p o r te d  t h a t  boron d e f i c i e n c y  In  c o t to n  
p l a n t s  growing in  n u t r i e n t  s o lu t i o n s  r e s u l t e d  in  le sse n e d  c h lo r o p h y l l  
c o n te n t ,  a g e n e ra l  growth check , d e s t r u c t i o n  o f  th e  shoot t i p  and a 
s t ro n g  th ic k e n in g  and w a t c h - g l a s s - l i k e  bending  a t  th e  l e a f  b l a d e s .
I n ju r y  symptoms were more marked w i th  h ig h  n u t r i e n t  l e v e l  than  w i th  low 
n u t r i e n t  l e v e l  and grew more pronounced as th e  growth p e r io d s  len g th en ed .
W ellborn e t  a l ,  (227) s t a t e d  t h a t  c o t to n  p l a n t s  showing boron 
d e f i c i e n c y  symptoms were s tu n te d  or dw arfed . The le a v e s  n e a r  t h e  bud 
were abnormal and grow th ceased  a t  th e  te rm in a l  bud. In  some c a s e s ,  
normal growth was resumed p r i o r  t o  h a r v e s t i n g .
In  d e s c r ib in g  boron d e f i c i e n c y  symptoms o f  c o t to n  p l a n t s  growing 
in  th e  f i e l d ,  L a n c a s te r  e t  a l .  (106) s t a t e d  th a t  in  some a r e a s  o f  an 
a f f e c t e d  f i e l d  p l a n t s  f a i l e d  to  produce m ature b o l l s ,  a l th o u g h  th e  
p l a n t s  appeared  t o  be norm al in  o th e r  r e s p e c t s .  In  t h i s  c a s e ,  t h e r e  
were no obvious v e g e t a t i v e  a b n o r m a l i t i e s  such as  sev e re  s tu n t in g  o r  
l e a f  c h l o r o s i s .  Throughout th e  f r u i t i n g  p e r io d ,  c o t to n  p l a n t s  produced 
sq u a res  and bloomed in  what appeared  t o  be a normal manner, b u t  th e  
b o l l s  were u s u a l ly  shed long b e fo re  th e y  were h a l f  grown. In  o th e r  
c a s e s ,  t h e r e  were sm all  a r e a s  in  f i e l d s  where p l a n t s  were m o d era te ly  to  
s e v e re ly  s tu n te d  and e x c e s s iv e ly  branched which gave them a d i s t i n c t l y  
bushy ap p ea ran ce .  E x t r e m i t ie s  o f th e  main stem and b ran ch es  were 
ex trem ely  r o s e t t e d .  In  some i n s t a n c e s ,  t h e  t e rm in a l  bud d i e d ,  and the  
p l a n t s  f a i l e d  to  develop  m ature b o l l s  even though some s q u a re s ,  blooms
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and sm all b o l l s  were p roduced . P l a n t s  so a f f e c t e d  remained v e g e ta t i v e  
and r e t a in e d  t h e i r  leaves  u n t i l  f r o s t .  In  o th e r  p a r t s  o f  th e  f i e l d ,  the  
on ly  obvious a b n o rm a lity  was s e v e re  sh ed d in g . In  many c a s e s ,  th e  
n e c t a r i e s  a t  the base o f  sq u a re s  and sometimes b o l l s  had ru p tu re d  which 
gave r i s e  t o  an exuda te  which formed a r ib b o n - l ik e  p r o t r u s io n  upon 
d ry in g .  In  some i n s t a n c e s ,  p l a n t s  t h a t  were n o t  p a r t i c u l a r l y  s tu n te d  
f a i l e d  to  produce m ature b o l l s .  I n  o t h e r s ,  sm all  and im p e rfe c t ly - sh a p e d  
b o l l s  were produced t h a t  opened s low ly  and never  f u l l y  and whose locks 
were h a rd ,  abnorm ally  sm a ll  in  s i z e  and low in  number. B o l ls  on boron- 
d e f i c i e n t  p l a n t s  seemed t o  be more s u s c e p t ib l e  to  r o t ,  bo th  b e fo re  and 
a f t e r  open ing . I t  was a l s o  no ted  t h a t  l e a f  p e t i o l e s  were o f te n  
e n c i r c l e d  by very  d a rk  g re e n  bands a t  i r r e g u l a r  i n t e r v a l s ,  g iv in g  an 
appearance  t h a t  was termed "banded p e t i o l e s . "  When such p e t i o l e s  were 
s l i c e d  open , i t  'was no ted  t h a t  th e  p i t h  d i r e c t l y  b en ea th  th e  d a rk  bands 
was always n e c r o t i c .  O ther  v e g e t a t i v e  symptoms d e s c r ib e d  were e n la rg in g  
and tw is t in g  of l e a f  p e t i o l e s ,  th ic k e n in g  o f  o ld e r  le a v e s  ( l e a t h e r y  
l e a f ) ,  v e ry  d a rk  g reen  l e a f  c o l o r ,  and d e t e r i o r a t i o n  o f  the  t i s s u e  a t  
th e  base o f  the  b o l l  J u s t  above th e  ju n c tu re  of th e  b o l l  and p ed u n c le .
Hardy (75) s t a t e d  t h a t  in  a f i e l d  experim ent on Dundee f in e  
sandy loam, c o t to n  p l a n t s  showed no ap p a re n t  boron d e f i c i e n c y  symptoms 
u n t i l  l a t e  August when b o l l s  began to  open and l e a f  a b s c i s s io n  fo llow ed  
in  a norm al manner on b o r o n - t r e a te d  p l o t s .  In  p l o t s  t h a t  d id  not 
r e c e iv e  b o ro n , b o l l s  d id  no t open u n t i l  two to  th r e e  weeks l a t e r ,  and 
leav es  remained g re e n  and d id  n o t a b s c i s s  u n t i l  f r o s t  o c c u r re d .
Maples and Keogh (119) d e s c r ib e d  b o r o n - d e f i c i e n t  c o t to n  p l a n t s  
growing in  sand c u l tu r e  as  shewing s t u n t i n g ,  en la rg e d  n o d es ,  s h o r t  l e a f  
p e t i o l e s  w ith  dark  r i n g s ,  t h i c k  l e a th e r y  le a v e s ,  r e s t r i c t e d  developm ent
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o f  f e e d e r  ro o ts  and shedding  o f  most o f  th e  s q u a re s .  B o ro n - d e f ic ie n t  
p l a n t s  o f  the  Rex v a r i e t y  were more s e v e r e ly  s tu n te d  th a n  th o se  o f  
D e l ta p in e  Smooth Leaf. S tu n t in g  was a s s o c i a t e d  w i th  com plete lo s s  o f  
te r m in a l  buds in  p l a n t s  o f  th e  Rex v a r i e t y .  Young le a v e s  o f  bo ron- 
d e f i c i e n t  Rex p l a n t s  developed  ragged  i r r e g u l a r  m arg ins and th o se  o f  
D e l ta p in e  Smooth Leaf p l a n t s  became s k e le to n iz e d  due to  dying o f 
i n t e r v e i n a l  t i s s u e  a r e a s  n e a r  th e  c e n te r  o f  th e  le a v e s .  When boron was 
added t o  th e  c u l t u r e  s o l u t i o n  a f t e r  th e  d e f i c i e n c y  symptoms had 
d ev e lo p ed ,  th e  subsequen t p l a n t  growth was g ro te sq u e*  New le a v e s  were 
l i g h t  g reen  in  c o l o r ,  th e  b la d e s  were ra g g e d ,  cupped, c r i n k l e d ,  s e r r a t e d  
and tw i s t e d .  The b la d e s  had o v e r la p p in g  lobes  and v a ry in g  numbers o f  
lobes  and p r im ary  ve in s*  S quares  produced la rg e  ragged  b r a c t s ,  many o f 
which c o n ta in e d  ab n orm ally -shaped  buds. In  many c a s e s ,  one t o  t h r e e  
empty b r a c t s  a ro se  from a f r u i t i n g  p o s i t i o n  c o n t r ib u t i n g  t o  th e  o v e r - a l l  
u n n a tu r a l  appearance  o f  th e  p l a n t s .  Main stems and b ran ch es  were 
f a s c i a t e d ,  nodes were ex tre m e ly  l a r g e ,  and p e t i o l e s  were tw i s t e d .  The 
co m p le te ly  i n a c t i v a t e d  t e r m in a l  buds o f  th e  Rex p l a n t s  d id  n o t  r e c o v e r  
when boron was added. As a  r e s u l t ,  a l l  reg row th  o r ig i n a t e d  as  l a t e r a l  
b ran ch es  and new lea v e s  a ro se  from e n la rg e d  nodes on th e  main stem . 
B o ro n -d e f ic ie n t  p l a n t s  o f  th e  D e l ta p in e  Smooth Leaf v a r i e t y  d id  resume 
grow th when boron supp ly  was resumed. The subsequen t grow th produced 
t a l l ,  many-branched p l a n t s  w i th  g ro te s q u e  le a v e s  and f r u i t  and many 
f l a t - s i d e d  and f a s c i a t e d  s tem s.
A s tu d y  o f  th e  i n t e r n a l  boron  d e f i c i e n c y  symptoms o f  c o t to n  was 
made by Wadleigh and Shive (220) who examined s e e d l in g s  grown in  w a te r  
c u l t u r e s  w i th  and w i th o u t  boron . The f i r s t  i n t e r n a l  symptom observed  
was th e  in c re a se d  a c i d i t y  o f  a few c e l l s  s c a t t e r e d  th ro u g h  th e  p i t h  and
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c o r t e x ,  th e  pH of th e s e  c e l l s  b e ing  from 3 .8  to  4 .4  as  compared w ith  the  
norm al v a lu e  o f 5 .8  t o  6 .4 .  As boron d e f i c i e n c y  in c r e a s e d ,  so d id  th e  
number o f  th e s e  abnorm ally  a c id  c e l l s ,  which th en  a l s o  appeared  in  th e  
p e r i c y c l e  and th e  o ld e r  xylem. When th e  m a jo r i ty  o f  th e  c e l l s  o f  th e  
p i t h  had become v e ry  a c i d ,  t h e i r  c e l l  w a l l s  began t o  b reak  down, a t  th e  
same tim e d e v e lo p in g  a deep brown c o lo r .  N ex t, some o f  th e  c e l l s  o f  the  
phloem and younger xylem developed  h igh  a c i d i t y ,  and u l t i m a t e l y  a b re a k ­
down o f  c e l l s  o ccu rred  in  th e s e  r e g io n s .  While th e se  changes were 
p ro c e e d in g ,  accu m u la tio n  o f  su g a rs  was observed  in  th e  b o r o n - d e f i c i e n t  
p l a n t s  w h ile  s ta r c h  was abnorm ally  abundant in  th e  endoderm is.
In  an an a to m ic a l  s tu d y ,  P a l s e r  and M c l l r a th  (153) found t h a t  boron 
d e f i c i e n c y  in  c o t to n  p l a n t s  was c h a r a c t e r i z e d  by s m a l le r  v e s s e l s  in  th e  
secondary  wood and changes in  th e  collenchym a and sclerenchym a when 
compared w i th  normal p l a n t s .  H y p e r tro p h ied  c e l l s  were th o se  o f  th e  
o u te r  re g io n s  o f  th e  p i t h ,  w hereas in  t u r n i p  and tom ato i t  was th o se  o f  
th e  cam bia l r e g io n  which were f i r s t  a f f e c t e d  in  t h i s  way.
Maples (118) r e p o r te d  t h a t  th e  symptoms o f boron t o x i c i t y  in  
c o t to n  were slowed emergence and g row th , c h l o r o s i s ,  m a rg in a l  l e a f  b u rn ,  
downward cupping o f  l e a v e s ,  shedding  o f  damaged le av es  and d e a th  o f  some 
p l a n t s .  E a ton  (50) s t a t e d  t h a t  m ild  bu rn in g  o f th e  lea v e s  a long  th e  
m argins and in  s p o ts  between the  v e in s  n e a r  th e  m argin  o ccu rred  on 
c o t to n  p l a n t s  growing in  sand c u l t u r e s  s tp p l i e d  w i th  a n u t r i e n t  s o lu t i o n  
c o n ta in in g  10 ppm. o f  boron . No s ig n s  o f  boron t o x i c i t y  o c c u r re d  a t  
lower c o n c e n t r a t io n s .
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F a c to r s  A f fe c t in g  th e  A v a i l a b i l i t y  and Use o f Boron by C otton
E f f e c t s  of th e  o rg a n ic  m a t te r  c o n te n t  of th e  s o i l . Based on a 
rev iew  of th e  boron  s t a t u s  o f  s o i l s  in  th e  U nited  S t a t e s ,  B erger (11) 
concluded t h a t ,  a l th o u g h  boron i s  a component o f  about 56 m in e ra ls ,  in  
humid r e g io n s  th e  o n ly  w idespread  boron m in e ra l  i s  th e  b o r o s i l i c a t e ,  
to u rm a l in e .  He concluded t h a t  the  a v a i l a b l e  boron in  s o i l s  o f  th e  humid 
r e g io n  i s  h e ld  l a r g e l y  in  th e  o rg a n ic  f r a c t i o n .
Among 19 s o i l  s e r i e s  in  South C a r o l in a ,  Page and Paden (151) 
found t h a t  the o rg a n ic  m a t te r  p e r  cen t  o f  uncropped a c id  s o i l s  a f f e c t e d  
th e  c o n c e n t r a t io n  o f  w a te r - s o lu b le  boron more th a n  d id  e i t h e r  t e x t u r e  
o r pH. In  a s im i l a r  s tu d y  o f  34 v i r g i n  s o i l s  and 48 c u l t i v a t e d  s o i l s  o f 
W isco n sin ,  B erger and Truog (12) found a p o s i t i v e  c o r r e l a t i o n  between 
w a te r - s o lu b l e  boron c o n c e n t r a t io n  and p e r  cen t o rg a n ic  m a t t e r .  The 
s o i l s  c o n ta in in g  l e s s  than  2 p e r  cen t  o rg a n ic  m a t te r  were r e p o r te d  to  
be low in  a v a i l a b l e  boron . They proposed  t h a t  o rg a n ic  m a t te r  se rved  to  
keep the  boron in  a more a v a i l a b l e  form.
Ferguson and Wright (58) found t h a t  below th e  s ix - in c h  la y e r  in  
th e  seven s o i l  ty p es  s tu d ie d  th e  c o n c e n t r a t io n  o f  a v a i l a b l e  boron 
d e c l in e d ,  su g g e s t in g  t h a t  th e  boron c o n c e n t r a t io n  was r e l a t e d  to  the 
o rg a n ic  m a t te r  o f  th e  s o i l s .  S im i l a r ly ,  P i la n d  e t  a l .  (160) r e p o r te d  
l e s s  boron in  th e  s u b s o i l  th a n  in  th e  t o p s o i l  i n  80 o f  100 s o i l s  scud led  
in  N orth  C a ro l in a .  Woodbridge (239) found 0 .5 7  ppm. o f  boron in  th e  
s u r f a c e  s ix - in c h  l a y e r  o f a sandy s o i l  and o n ly  0 .09  ppm. in  th e  24 to  
3 6 - in c h  l a y e r .  Hobbs and Bertram son (80) r e p o r te d  t h a t  the  a v a i l a b l e  
boron in  I l l i n o i s  s o i l s  was found to  d e c re a se  w i th  in c r e a s in g  d e p th .  
L ik ew ise ,  in  c e r t a i n  a c id  s o i l s  o f M is s i s s i p p i ,  Coleman (31) found t h a t
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the  t o p s o i l s  were h ig h e r  in  a v a i l a b l e  boron th a n  th e  s u b s o i l s .  S c h u s te r  
and S tephenson (182) found t h a t  th e  l e a s t  boron  d e f i c i e n c y  in  sunflow er 
p l a n t s  was a s s o c ia te d  w i th  th e  upper p a r t  o f  s e v e r a l  s o i l s  where th e  
g r e a t e s t  c o n c e n t r a t io n  o f  humus was found. They and Windsor (235 , 236) 
r e p o r te d  t h a t  o ld  c u l t i v a t e d  f i e l d s  c o n ta in e d  l e s s  a v a i l a b l e  boron th an  
d id  v i r g i n  s o i l s .
Kowalczuk (100) r e p o r te d  t h a t  w i th in  29 s o i l  ty p es  from th e  
M is s i s s ip p i  T e r r a c e ,  C o a s ta l  P r a i r i e ,  and th e  f la tw oods  o f  th e  C o a s ta l  
P la in  in  L o u is ia n a ,  60 p e r  cen t  o f  the  s u r f a c e  s o i l s  c o n ta in e d  more 
ho t w a t e r - e x t r a c t a b l e  boron th a n  d id  t h e i r  r e s p e c t iv e  s u b s o i l s .  The 
e x t r a c t a b l e  boron o f  t h e  s u r f a c e  s o i l s  v a r i e d  from 0 .24  ppm. in  a 
Calhoun s i l t  loam to  1 .21 ppm. in  a Beaumont c la y  loam. The s u b s o i l  
samples v a r i e d  from 0 .2 1  in  a L exing ton  s i l t  loam to  2 .34  ppm. 
e x t r a c t a b l e  boron in  a H a r r i s  c la y  loam. R e s u l ts  showed t h a t  a c o r r e ­
l a t i o n  c o e f f i c i e n t  o f  0 .5 0  e x i s t e d  between o rg a n ic  m a t te r  and the  
e x t r a c t a b l e  boron o f  th e  s u r f a c e  s o i l s .
McDevitt (116), w orking w i th  th e  up land  s o i l s  in  th e  C o a s ta l  
P la in  o f  L o u is ia n a ,  found an av e rag e  o f  0 .2 4  ppm. o f  a v a i l a b l e  boron in  
th e  s u r f a c e  s o i l s  and 0 .1 9  ppm. in  th e  s u b s o i l s ,
Nugent (139) found t h a t  th e  h o t  w a te r - s o lu b le  boron c o n c e n t r a t io n  
o f  the  s e le c t e d  t o p s o i l s  in  L o u is ian a  v a r i e d  from 0 .18  ppm. in  a  C a r r o l l  
s i l t  loam t o  1.66 ppm. in  a Bude-Lewiston s i l t  loam. The boron concen­
t r a t i o n  o f  the  r e s p e c t i v e  s u b s o i l s  v a r i e d  from 0 .1 9  ppm. in  th e  C a r r o l l  
s i l t  loam to  0 .98  ppm. in  a Bowie f in e  sandy loam.
E f f e c t s  o f  pH and l im in g . As p o in te d  ou t by P u rv is  (1 6 4 ) ,  
a lth o u g h  i t  i s  g e n e r a l l y  ag reed  t h a t  lim ing  o f te n  p roduces  a  boron
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d e f i c i e n c y  in  s o i l s ,  t h e r e  i s  a d i f f e r e n c e  o f  o p in io n  as  t o  th e  
mechanism by which th e  d e f i c i e n c y  i s  produced .
R ep o r t in g  on ex p e r im en ts  in  T en n essee ,  Long (110) s t a t e d  t h a t  
th e  a p p l i c a t i o n  o f 0 .5  pound o f  boron  p e r  a c r e  l a r g e l y  c o r r e c te d  th e  
d e p re s s iv e  e f f e c t  on c o t to n  y i e l d  due t o  lim ing  o f  Loring s i l t  loam to  
pH 7 .5 ,  where th e  o r i g i n a l  pH was 5 .2 .  While th e  g r e a t e s t  improvement 
in  y i e l d  from a p p l ie d  boron  was o b ta in e d  where lime had been  a p p l i e d ,  
y i e l d s  were a l s o  b e n e f i t e d  on unllm ed s o i l .  A pplied  boron tended  to  
in c r e a s e  y i e l d  in  a n o th e r  experim en t on Loring s i l t  loam where th e  pH 
was 6 .7 .  L i t t l e  to  no re sp o n se  t o  a p p l ie d  boron was o b ta in e d  i n  fo u r  
o th e r  ex p er im en ts  on D ex te r  s i l t  loam w i th  pH 6 .9  t o  7 .4 ,  Loring s i l t  
loam w ith  pH 5 .6 ,  C o l l in s  s i l t  loam w i th  pH 7 .2  and Memphis s i l t  loam 
w ith  pH 7 .0 .  From th e s e  r e s u l t s  th e  a u th o r  concluded  t h a t  a h ig h  pH in  
i t s e l f  does n o t always i n d i c a t e  a  need f o r  boron . He was in c l i n e d  to  
fa v o r  b o th  lim ing  and boron a p p l i c a t i o n  on c e r t a i n  s o i l s  in  T ennessee .
N a f te l  (131) r e p o r te d  t h a t  e x c e s s iv e  lim ing  r e s u l t e d  in  boron 
d e f i c i e n c y  symptoms in  v e tc h  and t h a t  p l a n t s  growing in  N o rfo lk  loamy 
sand w ith  the  same lime t re a tm e n t  and w ith  boron added were h e a l th y  and 
produced s l i g h t l y  more th a n  th o se  grown In  s o i l  w ith  no boron t r e a tm e n t .  
S im i la r  r e s u l t s  were o b ta in e d  w i th  t u r n i p s ,  o a t s ,  cabbage , tom atoes and 
soybeans.
From a rev iew  o f  l i t e r a t u r e  on boron in  p l a n t  n u t r i t i o n  p r i o r  to  
1937, Dennis and O 'B rien  (45) concluded  t h a t  boron  d e f i c i e n c y  d i s e a s e  o f 
t u r n i p s  and sugar  b e e t s  may o ccu r  on a c id  s o i l s  o f  low lime c o n te n t  and 
t h a t  lim ing  te n d s  to  in c r e a s e  th e  in c id e n c e  o f  th e  d i s e a s e ,  p ro b ab ly  by 
red u c in g  th e  a v a i l a b i l i t y  o f  s o i l  boron  t o  p l a n t s .  Beeson (10) 
concluded  t h a t  t h e  h ig h ly - le a c h e d  a c id  s o i l s  o f  th e  C o a s ta l  P la in s  and
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p o dzo l group a r e  most f r e q u e n t ly  a s s o c i a t e d  w i th  d e f i c i e n c i e s  o f  minor 
e lem ents  in  p l a n t s  and an im a ls .
From 118 s o i l  samples t h a t  th e y  a n a ly z e d ,  W hetstone e t  a l .  (228) 
r e p o r te d  t h a t  th e  v e ry  a c id  s o i l s  were low in  b o ro n .  They proposed  
t h a t  th e  e f f i c i e n t  rem oval o f  boron  from p o d z o ls ,  h a l f -b o g  and muck 
s o i l s  h as  p ro b a b ly  been enhanced by t h e i r  low pH. They reaso n ed  t h a t  
s in c e  b o r i c  a c id  i s  a  weak a c i d ,  0 .1  M hav ing  a  pH o f  6 . 6 , I n s o lu b le  
b o r a te s  in  an a c id  s o i l  shou ld  be co n v e r ted  i n t o  r e a d i l y  s o lu b le  b o r ic  
a c id .  The p odzo ls  were found t o  be v e ry  low in  s o lu b le  boron and 
a l l u v i a l  s o i l s  were found t o  be h ig h  in  a v a i l a b l e  boron . I t  was con­
cluded  t h a t  th e  d i f f e r e n c e  was due t o  th e  h ig h e r  c o n c e n t r a t io n  o f  
c o l l o i d s  in  th e  fo rm a tio n  o f  th e  a l l u v i a l  s o i l s .
R ep o r t in g  on r e s u l t s  from p o t  t e s t s  w i th  to b a c c o ,  Kakie (91) 
s t a t e d  t h a t  th e  fo llo w in g  c a lc iu m -su p p ly in g  m a t e r i a l s  a p p l ie d  w i th  boron 
lowered th e  boron  c o n c e n t r a t io n  in  l e a v e s  in  th e  fo l lo w in g  d e c re a s in g  
o rd e r :  CaC0 3 , CaS0 4 , Ca(0H)2» CaCl2 . The ca lc iu m  c o n c e n t r a t io n  in  th e
le a v e s  was lowered in  th e  fo l lo w in g  o rd e r  o f  d e c re a s in g  e f f e c t :  CaCl2 ,
Ca(0H)2, CaCC>3 , and CaS0 4 . Wolf (237) r e p o r te d  t h a t  o f  fo u r  h y d ro x id es  
t e s t e d ,  magnesium caused  th e  g r e a t e s t  r e d u c t io n  in  th e  a v a i l a b i l i t y  o f  
s o i l  boron  as shown by reduced  boron c o n c e n t r a t io n  in  p l a n t  t i s s u e .  
C alcium , sodium and p o ta ss iu m  h y d ro x id e s  had l e s s e r  e f f e c t s  in  th e  o rd e r  
named. S im i la r  r e s u l t s  were r e p o r te d  by Muhr (1 2 8 ) .
W i l l i s  and P i la n d  (233) found t h a t  on o rg a n ic  sandy loam s o i l s  
which bad been limed l i b e r a l l y ,  th e  a p p l i c a t i o n  o f  boron e l im in a te d  
boron d e f i c i e n c y  symptoms, e x c e p t  where a heavy a p p l i c a t i o n  o f  ca lc iu m  
s u l f a t e  was made. Coleman and Lebeau (33) r e p o r te d  t h a t  a p p l i c a t i o n  of
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l im e s to n e ,  4000 to  4500 pounds per  a c r e ,  in c r e a s e d  boron d e f i c i e n c y  in  
c a u l i f lo w e r  p l a n t s .  When 20 pounds o f  borax  p e r  a c re  was added w i th  
l im e , p r a c t i c a l l y  a l l  p l a n t s  were norm al.
B erger  and Truog (12) found t h a t  among 78 s o i l s  in  W isconsin , 
a v a i l a b l e  boron d e c re a se d  w i th  in c r e a s in g  a c i d i t y  and presumed t h a t  t h i s  
was due t o  th e  f a c t  t h a t  o rg a n ic  m a t te r  c o n te n t  a l s o  d e c re a se d  w i th  
in c r e a s in g  a c i d i t y .  The f i n a l  e f f e c t  o f  o rg a n ic  m a t t e r ,  how ever, was 
n o t as  g r e a t  as  t h a t  o f  pH, e s p e c i a l l y  where th e  pH was above 7 .0 .  The 
a v a i l a b l e  boron o f  th e  s o i l  in c r e a s e d  w i th  i n c r e a s in g  pH from 4 .6  to  
6 .7  and d e c re a se d  from pH 7 .1  t o  8 .1 .  Above pH 7 .0 ,  t h e r e  was a h ig h ly  
s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  between pH and a v a i l a b l e  boron .
Enzmann (55) r e p o r te d  t h a t  th e  a d d i t i o n  o f  lime i n h i b i t e d  th e  
o ccu rren c e  o f  boron t o x i c i t y  in  b a r l e y  and in c re a s e d  th e  boron  r e q u i r e ­
ment. P la n t s  growing in  loam s o i l  w i th  a pH o f  6 .1  showed 9 ,2  ppm. o f  
boron b e fo re  lim ing  and 3 .9  ppm. fo llo w in g  l im ing  t o  pH 7 .3 .  Wolf (238) 
showed t h a t  in c r e a s in g  r a t e s  o f  h y d ra te d  lime a p p l ie d  on S a s s a f ra s  
sandy loam r e s u l t e d  in  d e c re a s in g  boron c o n te n t  o f  r a d i s h  p l a n t s .  He 
found t h a t  w ith  in c r e a s in g  r a t e s  o f  ca lc iu m  s u l f a t e  t h e r e  was a  d e c re a se  
in  r a d i s h  y i e l d s ,  b u t t h e r e  was no in f lu e n c e  on th e  su p p ly  o f  boron which 
was a v a i l a b l e  t o  p l a n t s .  In  p re v io u s  work (237) he showed t h a t  fo u r  
s o i l s ,  in c lu d in g  one which f a i l e d  to  g iv e  b e n e f i c i a l  re sp o n se  when limed 
to  pH 6 .0  to  6 . 6 , d id  g iv e  a b e n e f i c i a l  re sp o n se  to  boron a p p l i c a t i o n  
when limed to  a pH g r e a t e r  th a n  7 .0 .
Walker e t  a l ,  (222) r e p o r te d  t h a t  in  a  sandy s o i l ,  boron d e f i ­
c ien cy  was made a c u te  by l im in g ,  w i th o u t  th e  s o i l  s o lu t io n  approach ing  
a l k a l i n e  r e a c t i o n ,  and f o r  a f i v e - y e a r  p e r io d  a f t e r  t r e a tm e n t .  These 
o b s e rv a t io n s  may be p a r t i a l l y  e x p la in e d  by P h i l i p s o n ' s  (159) view  t h a t
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th e  ca lc iu m  ion i t s e l f  can cause  an i n s o l u b i l i t y  o f  th e  b o r i c  a c id  in  
th e  s o i l  When ca lc ium  i s  p r e s e n t  in  e x c e s s .  The magnitude and d u r a t io n  
of t h i s  e f f e c t  depend on th e  s o i l  conqpositlon. He s t a t e d  t h a t  t h i s  
e f f e c t  i s  superimposed on th e  e f f e c t  o f  pH and i s  r e l a t e d  t o  th e  ty p es  
o f c la y  and th e  q u a n t i t y  o f  a l k a l i  m e ta ls  p r e s e n t .  He p o in te d  o u t  t h a t  
c la y  l a t t i c e  ty p e s  such as  l l l i t e  and m uscov ite  p o s se s s  n e g a t iv e  charges  
which f i rm ly  b ind  c a t io n s  and f u n c t io n  as  co u p lin g  l in k s  between 
d i f f e r e n t  l a y e r s .
In  t h i s  c o n n e c t io n ,  Katalymov (93) r e p o r te d  t h a t  boron a p p l i c a ­
t i o n  t o  s o i l s  n o t  on ly  overcame th e  h a rm fu l e f f e c t  o f  e x c e s s iv e  amounts 
o f  lime on crops which a r e  s e n s i t i v e  to  lim ing  bu t a l s o  produced a 
supp lem entary  b e n e f i c i a l  e f f e c t .  L ik ew ise ,  Tucholka e t  a l .  (214) 
r e p o r te d  t h a t  boron a p p l i c a t i o n  to  a c id  s o i l s  d e f i c i e n t  in  boron  was o f 
no v a lu e  w i th o u t  l im in g .  Walsh and Golden (224) s t a t e d  t h a t  in  I r e l a n d  
tu r n ip s  showed boron d e f i c i e n c y  symptoms on a group o f  a c i d ,  pH 4 .6  to  
5 .3 ,  sandy s o i l s  which showed w a te r - s o lu b le  boron c o n c e n t r a t io n s  o f  
0 .1 0  t o  0 .4 0  ppm. and a v a i l a b l e  ca lc iu m  c o n c e n t r a t io n s  o f 400 to  800 
pounds p e r  a c r e .  However, among a l l  s o i l s  c o n s id e re d ,  th e  in c id e n c e  o f  
boron d e f i c i e n c y  was more w idesp read  in  s l i g h t l y  a c id  t o  a l k a l i n e  
c o n d i t io n s  th a n  under more a c id  c o n d i t io n s .
A la rg e  number o f  w orkers  have p re s e n te d  ev idence  which c o n t r a ­
d i c t s  th e  assum ption  t h a t  th e  a v a i l a b i l i t y  o f  boron  to  p l a n t s  d e c re a se s  
w i th  in c r e a s in g  pH. A ccording to  th e  New J e r s e y  A g r i c u l tu r a l  Experiment 
S t a t i o n  (1 3 5 ) ,  t h e r e  were no marked d i f f e r e n c e s  in  th e  a v a i l a b i l i t y  o f 
boron to  r a d i s h  p l a n t s  grown in  n u t r i e n t  s o lu t io n s  a t  t h r e e  d i f f e r e n t  
pH l e v e l s ,  4 . 0 ,  5 .5  and 7 .0 .  Boron d e f i c i e n c y  symptoms were r e p o r te d  
to  occur f i r s t  on p l a n t s  grown a t  pH 5 .5  and su b se q u e n t ly  on th o se
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growing a t  pH 7 .0 .  O e r t l i  (141) s t a t e d  t h a t  in  e x c is e d  b a r l e y  r o o t s ,  
he found a c o n s ta n t  boron  u p take  a t  pH v a lu e s  ran g in g  from 4 .0  to  8 .0 .  
Reeve e t  a l .  (168) s t a t e d  t h a t  when two s i l t  loams and two sandy loams 
were each limed over a pH range  from 4 .5  to  7 .5 ,  t h e r e  was no d i f f e r ­
ence in  the  w a te r - s o lu b le  boron c o n c e n t r a t io n  in  e i t h e r  s o i l  a t  the 
d i f f e r e n t  pH l e v e l s .
S c h a r re r  and Schropp (174) concluded t h a t  th e r e  was no e s s e n t i a l  
c o r r e l a t i o n  between s o i l  a l k a l i n i t y  and th e  development of boron 
d e f i c i e n c y  symptoms in  b e e t s .  They s t a t e d  t h a t  some o th e r  f a c t o r  
d e te rm in e s  d e f i c i e n c y ,  presum ably  th e  a c t u a l  c o n te n t  o f  a v a i l a b l e  boron 
o f  the  s o i l  i n  q u e s t io n .
Brown and King (25) r e p o r te d  t h a t  boron d e f i c i e n c y  symptoms in  
a l f a l f a  occu rred  on s o i l s  w i th  pH v a lu e s  o f  6 .1  and 6 .3 .  A d d it io n  o f 
a n o th e r  to n  o f  e i t h e r  c a l c i t l c  or d o lo m i t ic  l im estone  p lu s  20  pounds o f 
borax  p e r  a c re  r e s u l t e d  in  a subsequen t crop o f  a l f a l f a  e q u a l ly  as 
la rg e  and as f r e e  o f  boron d e f i c i e n c y  symptoms as t h a t  o f  unlimed s o i l .
P u rv is  and Davidson (165) s t a t e d  t h a t  lim ing th e  l i g h t  a c id  s o i l s  o f
th e  E a s te rn  U nited  S t a te s  p roduces  boron d e f i c i e n c y  a t  a pH o f  6 .0  or 
below and t h a t  o b v io u s ly  t h i s  i s  no t a case  o f  o v e r - l im in g .  He s t a t e d  
t h a t  th e s e  s o i l s  s im ply do n o t  c o n ta in  enough boron f o r  optimum grow th.
W hite -S tevens  (229) s t a t e d  t h a t ,  a l th o u g h  th e r e  were c a se s  where 
lim ing  had induced boron d e f i c i e n c y  in  c e r t a i n  s o i l s  o f  Long I s l a n d ,  in  
g e n e r a l  the  d e f i c i e n c y  appeared  to  a r i s e  from le a c h in g  a t  a c id  r e a c t i o n s  
a long  w ith  removal by h a rv e s te d  c ro p s .  He r e p o r te d  t h a t  in  th e  absence 
o f  a p p l ie d  bo ron , c a u l i f lo w e r  growing over  a wide pH range  showed boron
d e f i c i e n c y  in ju r y  to  a g r e a t e r  e x te n t  a t  the more a c id  ranges  th a n  a t
the  r e l a t i v e l y  a l k a l i n e  r e a c t i o n s .  Hartman (77) r e p o r te d  a g r e a t e r
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number o f  b o r o n - d e f i c i e n t  p l a n t s  on Long I s l a n d ,  New York, on s o i l s  o f 
low pH th a n  on s o i l s  o f  h igh  pH. Brown (24) found t h a t  l e s s  boron was 
l o s t  by leach in g  from h e a v i ly - l im e d  s o i l s ,  about pH 7 .0 ,  th a n  from 
m o d era te ly  limed s o i l s ,  about pH 6 .0 .
M idgley and Dunklee (123) concluded t h a t  th e  a b i l i t y  o f  s o i l s  to  
f i x  boron depends on th e  deg ree  o f  a c i d i t y  and th e  e x te n t  to  which th ey  
a re  su b se q u e n t ly  lim ed. Fea t moss from Maine and a Vermont podzo l 
f ix e d  v e ry  l i t t l e  boron in  t h e i r  a c id  s t a t e ,  but t h e i r  c a p a c i ty  to  f i x  
b o r ic  a c id  In c re a se d  up t o  and s l i g h t l y  beyond n e u t r a l i t y  when lime was 
a p p l ie d  in  in c re a s e d  amounts. At pH v a lu e s  o f  5 .0 ,  6 .0 ,  6 .9  and 7.4 
t h e  p e r  cen t o f  added boron t h a t  was f ix e d  was 2 0 , 6 8 , 72 and 8 0 ,  
r e s p e c t i v e l y .  They found t h a t  most o f  th e  n e u t r a l  s o i l s  t e s t e d  were 
only  s l i g h t l y  a f f e c t e d  when s i m i l a r l y  t r e a t e d ,  but i f  a c i d i f i e d  by 
l e a c h in g ,  s im i l a r  to  p o d z o l i z a t io n ,  th ey  f ix e d  la r g e  amounts o f  boron 
when e x c e s s iv e ly  lim ed. Parks and White (157) showed t h a t  hydrogen- 
s a tu r a t e d  humus r e t a i n e d  ap p ro x im a te ly  tw ice  as  much added boron as  d id  
c a lc iu m - s a tu r a te d  humus.
Reasoning t h a t  ca lc iu m  and magnesium m e ta b o ra te s  a re  l e s s  s o lu b le  
th a n  b o r i c  a c i d ,  sodium b o r a te s  and p o ta ss iu m  m e ta b o ra te ,  some w orkers  
have proposed t h a t  th e  t i e - u p  o f  boron i n t o  u n a v a i la b le  forms i s  p u re ly  
ch em ica l.  P u rsu ing  t h i s  t h e o r y ,  C o lw e ll  and Cummings ( 3 7 ) ,  w orking w ith  
s o lu t io n s  o f  b o r ic  a c id  and m e ta b o ra te s  o f  ca lc iu m , sodium and p o tass iu m  
in  sand c u l t u r e ,  found t h a t  symptoms o f  boron d e f i c i e n c y  and o f  t o x i c i t y  
appeared  in  sun flow er  a t  about th e  same tim e r e g a r d l e s s  o f  th e  boron 
so u rc e .  M idgley and Dunklee (123) found t h a t  a number o f  a l k a l i n e  
m a t e r i a l s ,  in c lu d in g  CaO, BaCC>3 , MgC0 3 , and Na2CC>3 , when used in  e x c e s s ,  
were e q u a l ly  e f f e c t i v e  in  f ix in g  a p p l ie d  bo ron . Cook and M i l l a r  (38)
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found t h a t  CaC03  and MgC03  had the  e f f e c t  o f  p r e v e n t in g  th e  t o x i c  a c t i o n  
o f  borax on soybeans b u t t h a t  Na2CC>3 was n o t  e f f e c t i v e  in  t h i s  r e g a rd .
On one M ichigan s o i l  they  found t h a t  ca lc iu m  and magnesium s u l f a t e s  
were p a r t i a l l y  e f f e c t i v e  in  p re v e n t in g  borax t o x i c i t y ,  b u t  sodium 
s u l f a t e  had no e f f e c t .  On a n o th e r  s o i l ,  none o f  th e  s u l f a t e s  a f f e c t e d  
boron a v a i l a b i l i t y .
N a f te l  (131) r e p o r te d  t h a t  lim ing  d id  n o t induce boron d e f i ­
c ie n c y  in  a l l  s o i l s  i n v e s t i g a t e d  and t h a t  in  l a b o r a to r y  s t u d i e s ,  h ig h e r  
c o n c e n t r a t io n s  o f boron were r e q u i re d  fo r  boron p r e c i p i t a t i o n  by lime 
th a n  a r e  o r d i n a r i l y  found in  s o i l s ,  even under s t r o n g ly  a l k a l i n e  
c o n d i t io n s .
E f f e c t s  o f ca lc iu m . The th e o ry  o f  chem ica l p r e c i p i t a t i o n  o r 
f i x a t i o n  o f  boron in  th e  s o i l  a s  ca lc iu m  b o r a te  was weakened by th e  
r e s u l t s  r e p o r te d  by N a f t e l  (131) and C olw ell and Cunnings (3 7 ) .
A r e l a t i o n s h i p  between boron and th e  a b s o rp t io n  and u t i l i z a t i o n  
o f  ca lc iu m  by p l a n t s  has been r e p o r te d  by many w o rk e rs .  As a  r e s u l t  
o f  sand c u l t u r e  ex p er im en ts  w i th  c o t to n  (1 3 2 ) ,  w orkers  a t  the  New J e r s e y  
A g r i c u l t u r a l  Experim ent S t a t i o n  proposed  t h a t  boron i s  e s s e n t i a l  f o r  th e  
norm al d i s t r i b u t i o n  and u t i l i z a t i o n  o f ca lc iu m  in  th e  m e ta b o l ic  p ro c e s s .  
Calcium was no t d e t e c t a b l e  in  th e  sap o f  m e r is te m a t ic  t i s s u e s  o f  c o t to n  
p l a n t s  a f f e c t e d  by boron  d e f i c i e n c y .  The ca lc iu m  c o n c e n t r a t io n  in  
soybean p l a n t  t i s s u e  in c re a s e d  w ith  i n c r e a s in g  c o n c e n t r a t io n s  o f  boron 
in  th e  n u t r i e n t  s o l u t i o n  up t o  0 .0 5  ppm. a t  which i t  a t t a i n e d  a  maximum 
and d e c re a se d  a t  h ig h e r  c o n c e n t r a t io n s .
B rench ley  and W arington  ( 22 ) r e p o r te d  t h a t  bean p l a n t s  s u p p lie d  
w i th  boron in  sand c u l t u r e s  showed l e s s  111 e f f e c t s  from ca lc ium
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d e f ic i e n c y  chan Chose noC su p p l ie d  wich bo ron . In  experim en ts  wlch 
soybeans . M in a r ik  and Shive (124) found ChaC d e f i c i e n c y  l e v e l s  as w e l l  
as Coxic quanCiCies in  Che nuCrlenC soluC ion resu lC ed  in  subnorm al 
ca lc iu m  le v e l s  in  Che p la n e .  A sso c ia c lo n  between boron and ca lc iu m  has  
been reporC ed in  th e  n u t r i t i o n  o f corn  ( 2 0 7 ) ,  b e e t s  (38) and 
s t ra w b e r ry  (6 8 ) .
Marsh and Shive (121) r e p o r te d  t h a t  the  p re se n c e  o f adequa te  
boron w i th in  the  co rn  p l a n t  tended  t o  m a in ta in  th e  ca lc iu m , p r e v io u s ly  
a c q u i r e d ,  in  an a v a i l a b l e  c o n d i t io n  even though no f r e s h  su p p ly  o f 
ca lc ium  was p ro v id ed  in  th e  s u b s t r a t e .  Marsh (120) showed l a t e r  t h a t  
f o r  c e r t a i n  d i c o t s  and m onocots, t o t a l  ca lc iu m  and s o lu b le  ca lc iu m  in  
th e  p l a n t  t i s s u e  were n o t  r e l a t e d .  M c l l r a th  and de Bruyn (117) 
r e p o r te d  t h a t  th e  s o lu b le  and t o t a l  ca lc ium  and th e  p e rc e n ta g e  of the  
ca lc ium  t h a t  was s o lu b le  in c re a s e d  in  -the t i s s u e  o f  m i l l e t  p l a n t s  w ith  
an in c r e a s e  in  th e  boron su p p ly .
In  rev iew ing  th e  f u n c t io n a l  r e l a t i o n s h i p  between ca lc ium  and 
b o ro n , P u rv is  and Davidson (165) concluded t h a t  a low In ta k e  o f  e i t h e r  
causes  the  p l a n t  to  r e q u i r e  l e s s  o f  th e  o th e r .  A h ig h  in ta k e  o f  one 
in c r e a s e s  th e  req u irem en t of th e  p l a n t  fo r  th e  o t h e r .  Thus, he proposed  
t h a t  p l a n t s  have a h ig h e r  boron re q u irem en t  fo r  each  u n i t  o f  grow th due 
t o  an in c r e a s e d  ca lc ium  in t a k e .  This  p ro p o s a l  i s  in  acco rd  w ith
a
S o lu n sk a y a 's  view (199) t h a t  th e  boron req u irem en t o f  p l a n t s  on s o i l s  
o f  h ig h  pH i s  g r e a t e r  th a n  on a c id  s o i l s .
Haas (71) found t h a t  w i th  h igh  le v e l s  o f  ca lc ium  in  sand c u l tu r e s  
i t  was n e c e s sa ry  to  add l a r g e r  amounts o f  boron t o  p re v e n t  boron 
s t a r v a t i o n  o f  orange p l a n t s .  Chandler (26) r e p o r te d  t h a t  he found no 
a s s o c i a t i o n  between a h ig h  ca lc iu m  c o n c e n t r a t io n  o f  the  n u t r i e n t
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s o lu t i o n  and th e  In c id en ce  o f  boron d e f i c i e n c y  In  b r o c c o l i .  Parks  and 
Shaw (156) s t a t e d  t h a t  boron f i x a t i o n  was fav o red  by th e  p re se n c e  of 
ca lc iu m  ions in  th e  s o i l .  They proposed  a p o s s ib l e  mechanism i n  which 
boron e n te r s  in  sm a ll  amounts I n to  complexes o f  ca lc ium  w i th  s i l i c o n  
and aluminum.
Drake e t  a l .  ( 4 8 ) ,  Jones  and S c a r se th  ( 9 0 ) ,  G i lb e r t  and 
Robbins ( 6 8 ) ,  and Lorenz (111) have found a g r e a t e r  ca lc iu m :b o ro n  r a t i o  
in  b o r o n - d e f i c i e n t  p l a n t s  th a n  in  normal p l a n t s .  Drake e t  a l .  (48) 
and Jones  and S c a r s e th  (90) p roposed  t h a t  a fa v o ra b le  ca lc iu m :b o ro n  
r a t i o  i s  Im portan t f o r  optimum grow th . The r a t i o  v a r i e s  f o r  d i f f e r e n t  
p l a n t s .  M c l l r a th  and de Bruyn (117) r e p o r te d  t h a t  in  m i l l e t  p l a n t s  a 
c lo s e r  r e l a t i o n s h i p  e x i s t e d  between th e  ca lc iu m :b o ro n  r a t i o  and s o lu b le  
boron in  th e  p l a n t s  th a n  between boron  supp ly  and s o lu b le  boron i n  th e  
p l a n t s .
A proposed  e x p la n a t io n  o f  th e  ca lc iu m :b o ro n  r e l a t i o n s h i p  in  
p l a n t s  was o f f e r e d  by Lorenz (111) who r e p o r te d  g r e a t e r  in c r e a s e s  in  
growth from boron a t  lower ca lc ium  le v e l s  than  a t  h ig h e r  ca lc iu m  l e v e l s .  
He r e p o r te d  t h a t  b o r o n - d e f l c l e n t  t i s s u e s  o f b e e t  r o o ts  had a lower 
p r o to p e c t in  t o  p e c t in  r a t i o  th a n  norm al t i s s u e s  o f  th e  same b e e t .  This  
was b e l ie v e d  due to  th e  d e s t r u c t i o n  o r  lack  o f  fo rm atio n  o f  p r o to p e c t in  
r a t h e r  than  t o  an in c r e a s e  in  p e c t i n .  Smith (1 9 7 ) ,  working w i th  norm al, 
d e f i c i e n t  and h lg h -b o ro n  squash  l e a v e s ,  found t h a t  in c r e a s in g  amounts o f  
boron  induced a p p r e c ia b le  i n c r e a s e s  in  cy to p la sm ic  ca lc ium . Gauch and 
Dugger (62) p roposed  t h a t  t h i s  i s  due t o  a d e c r e d ^ l  flow of th e  
p r e r e q u i s i t e  su g ar  to  th e  ro o t  t i p s  o f  b o r o n - d e f l c l e n t  p l a n t s .
Lorenz (111) observed  t h a t  boron in f lu e n c e d  ca lc ium  uptake by b e e t  
p l a n t s  on ly  when i t  in f lu e n c e d  grow th .
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E f f e c t s  o f  p o ta ss iu m . P o tass iu m  a p p a re n t ly  has  a somewhat l e s s e r  
e f f e c t  on th e  u t i l i z a t i o n  o f  boron by p l a n t s  than  does ca lc iu m  o r  
n i t r o g e n .  There i s  c o n s id e ra b le  e v id e n c e ,  however, t h a t  a r e l a t i o n s h i p  
e x i s t s  between th e  in c id e n c e  o f  boron d e f ic ie n c y  and th e  supp ly  of 
p o ta ss iu m . Most o f  the  p u b l ish e d  r e p o r t s  co n cern in g  t h i s  r e l a t i o n s h i p  
have been w i th  c rops  o th e r  th a n  c o t to n  ( 5 ,  2 8 ,  85 , 144, 169, 170, 173, 
203). In  experim en ts  w ith  c o t to n  in  M is s i s s ip p i  i t  has  been r e p o r te d  
(105) t h a t  w i th  in c r e a s in g  r a t e s  o f  a p p l ie d  p o ta ss iu m  as  po tass iu m  
c h lo r id e  i t  was no t uncommon f o r  th e  y i e l d  re sp o n se  to  change from 
p o s i t i v e  to  n e g a t iv e  over a f a i r l y  narrow range  in  r a t e .  This e f f e c t  
was r e l a t e d  t o  th e  o ccu rren c e  o f  magnesium d e f i c i e n c y  on B lack land  
c la y s  b u t to  o c c u r re n c e  o f  boron  d e f i c i e n c y  on Grenada s i l t  loam. In  
A rkansas in  an experim ent on F a lay a  s i l t  loam a p p l ie d  p o tass iu m  w ith o u t  
a p p l ie d  boron reduced th e  c o t to n  y i e l d  w h ile  w ith  a p p l ie d  boron 
p o ta ss iu m  a p p l i c a t i o n  in c re a s e d  the  y i e l d .  On Dubbs sandy loam, 
p o ta ss iu m  a p p l i c a t i o n  had no s i g n i f i c a n t  e f f e c t  on th e  y i e l d  o f  c o t to n  
when boron  was a p p l ie d  bu t reduced  t h e  y i e l d  in  th e  absence o f a p p l ie d  
boron (7 5 ) .  These r e s u l t s  a r e  in  agreem ent w i th  r e p o r t s  t h a t  th e  a p p l i ­
c a t io n  o f  p o ta ss iu m  a c c e n tu a te d  boron d e f i c i e n c y  symptoms in  o th e r  crops 
growing in  th e  f i e l d  (1 4 4 , 164, 229, 232) and in  th e  greenhouse (162).
Arenz and Schropp (5) found t h a t  h igh  p o ta ss iu m  f e r t i l i z a t i o n  o f 
f i e l d  bean was advantageous o n ly  in  t h e  p re se n c e  o f  boron . In  sand 
c u l t u r e  experim en ts  w i th  tom ato  and co rn  p l a n t s ,  Reeve and Shive (169 , 
170) found t h a t  boron d e f i c i e n c y  symptoms in c re a se d  w i th  in c r e a s in g  
p o ta ss iu m  c o n c e n t r a t io n  when no boron was s u p p l ie d .  At any g iv e n  l e v e l  
o f  boron and w i th  in c r e a s in g  p o ta ss iu m  c o n c e n t r a t io n s  in  the  n u t r i e n t  
s o l u t i o n ,  th e r e  was a  p ro g re s s iv e  in c r e a s e  in  th e  boron c o n c e n t r a t io n
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in  tom ato p l a n t s .  In  th e s e  exper im en ts  th e y  found t h a t  in c r e a s in g  th e  
p o ta ss iu m  c o n c e n t r a t io n  m arkedly d ec rease d  th e  c a lc iu m :b o ro n  r a t i o  in  
the  p l a n t s .  They concluded t h a t  i n  th e  m etabo lism  o f  th e  tom ato p l a n t ,  
p o ta ss iu m  ap p e a rs  to  in f lu e n c e  th e  re sp o n se  t o  boron i n d i r e c t l y  th rough  
i t s  d e te r m in a t iv e  e f f e c t s  upon th e  p ro c e ss e s  in v o lv ed  in  th e  a b s o rp t io n  
and u t i l i z a t i o n  o f  ca lc ium . This  view was su p p o r te d  by th e  r e p o r t  o f  
Chapman e t  a l .  (28) t h a t  lemon p l a n t s  developed  symptoms o f  boron 
p o iso n in g  when th ey  were grown in  p o ta s s iu m - d e f i c i e n t  sand c u l t u r e s  and 
were s u p p l ie d  w ith  1 .0  ppm. o f boron  in  th e  c u l tu r e  s o lu t i o n .
Saru  (1 7 3 ) ,  how ever, r e p o r te d  t h a t  h ig h  p o ta ss iu m  d o ses  tended  to  reduce 
th e  in c id e n c e  o f boron d e f i c i e n c y  in  sugar b e e t  and concluded t h a t  th e  
f u n c t io n  o f boron lay  in  r e g u l a t in g  the  p o ta s s iu m :c a lc iu m  r a t i o  in  th e  
p l a n t .  S ta rk  and Haut (203) found t h a t  th e  boron c o n c e n t r a t io n  in  
le a v e s  o f  c a n ta lo u p e s  growing in  sand c u l t u r e s  was h ig h e r  a t  a  medium 
c o n c e n t r a t io n  o f  p o ta ss iu m  in  th e  n u t r i e n t  s o lu t i o n  th a n  a t  e i t h e r  th e  
low o r  h ig h  c o n c e n t r a t io n .  I n  a n o th e r  experim en t a t  low and medium 
le v e l s  o f  boron in  th e  n u t r i e n t  s o l u t i o n ,  th e  boron c o n c e n t r a t io n  was 
g r e a t e s t  a t  th e  low l e v e l  o f  p o ta s s iu m  in  th e  s o l u t i o n .  At th e  h ig h  
l e v e l  o f  boron in  th e  s o l u t i o n ,  th e  boron c o n c e n t r a t io n  in  th e  p l a n t s  
was g r e a t e s t  a t  t h e  h ig h  l e v e l  o f  po tass iu m .
A c o n n e c tio n  between th e  fu n c t io n s  o f  boron and p o ta ss iu m  was 
su g g e s te d  by th e  work o f  E a ton  (52) who showed t h a t  p o ta s s iu m -s ta rv e d  
sunflow er le a v e s  were h ig h e r  in  t o t a l  su g a rs  and re d u c in g  su g a rs  than  
th o se  su p p l ie d  w i th  p o ta ss iu m . The main e f f e c t  o f  p o ta ss iu m  d e f i c i e n c y  
was th e  accum ula tion  o f  amnonia and am ides. Both ammonia and amides 
have been shown t o  be h ig h e r  in  b o r o n - d e f i c i e n t  p l a n t s  th a n  in  normal 
ones (1 8 4 ) .  A c lo s e  r e l a t i o n s h i p  between boron and p o ta ss iu m  in  th e
m etabo lism  o f  n i t r o g e n  and ca rb o h y d ra te  in  p l a n t s  was r e p o r te d  by Jacob 
and W hite-S tevens  (8 5 ) .  They found t h a t  the  a p p l i c a t i o n  o f  boron 
c o r r e c te d  th e  u n fa v o ra b le  e f f e c t  o f  p o ta sh  f e r t i l i z a t i o n  on f l a v o r  and 
on sugar  c o n te n t  o f  m elons. G i l b e r t  (67) s t a t e d  t h a t  a low boron 
c o n c e n t r a t io n  accongtanled by a  h ig h  p o ta ss iu m  c o n c e n t r a t io n  in  th e  
a c t i v e  p l a n t  c e l l s  may in c r e a s e  th e  po ly p h en o l o x id ase  a c t i v i t y  of th e  
c e l l s  which i s  n o t  acconpan ied  by a  co rresp o n d in g  in c re a s e  in  th e  
r e d u c t io n  p r o c e s s .  He proposed  t h a t  t h i s  r e s u l t s  in  an  unbalanced  
c o n d i t io n  due to  a d i s r u p t i o n  o f normal c e l l  m etabolism .
I t  app ears  t h a t  th e  in f lu e n c e  o f  p o ta ss iu m  on th e  u t i l i z a t i o n  of 
boron by p l a n t s  r e s u l t s  l a r g e l y  from n u t r i t i o n a l  r e l a t i o n s h i p s  w i th in  
th e  p l a n t  r a t h e r  th a n  from an In f lu e n c e  on the  a v a i l a b i l i t y  o f  boron in  
th e  s o i l .  C hand ler  (27) found th a t - p o ta s s iu m  t re a tm e n t  had no e f f e c t  
on boron d e f i c i e n c y  symptoms in  k a le  and b r o c c o l i .  In  a t  l e a s t  one 
i n s t a n c e  (1 3 7 ) ,  i t  has been r e p o r te d  t h a t  th e  p ro longed  a p p l i c a t i o n  o f  
p o ta ss iu m  f e r t i l i z e r s  d id  no t show any marked e f f e c t  on th e  a v a i l a b l e  
boron in  s o i l s .  O e r t l i  (141) s t a t e d  t h a t  p o ta ss iu m  a f f e c t e d  th e  up take 
of boron by b a r l e y  i n d i r e c t l y  by r e g u la t in g  r o o t  p r e s s u re  and w a te r  
movement b u t t h a t  th e  elem ent was n o t  c o m p e t i t iv e  w ith  b o ro n . Paauw 
(146) found t h a t  boron d e f i c i e n c y  in  sugar  b e e ts  was pronounced w ith  
h ig h e r  r a t e s  o f  a p p l ie d  p o ta ss iu m  a t  h ig h e r  pH le v e l s  bu t n o t  w i th  
h ig h e r  r a t e s  o f  p o ta ss iu m  a t  lower pH l e v e l s .
E f f e c t s  o f  o th e r  n u t r i e n t  e le m e n ts . P u rv is  (164) observed  t h a t  
t u r n i p s  on c o n t r o l  p l o t s  were sm a ll  in  s i z e  and showed no ev idence  o f 
boron d e f i c i e n c y .  A d d it io n  o f  boron a lone  to  th e  s o i l  produced l i t t l e  
change in  g row th , bu t  the a d d i t i o n  o f  e i t h e r  co p p e r ,  magnesium o r  
manganese s in g ly  and in  com binations w i th o u t  added boron b rough t ou t
36
marked boron d e f i c i e n c i e s .  The a d d i t i o n  o f  a l l  fo u r  e lem ents  r e s u l t e d  
in  a marked in c r e a s e  in  grow th and th e  p ro d u c t io n  o f  h i g h - q u a l i t y  
p l a n t s .  W hite -S tevens  and W essels (232) concluded t h a t  w hether  a  boron 
d e f i c i e n c y  w i l l  occu r  on any g iv en  crop  w i l l  depend p a r t i a l l y  on th e  
l e v e l s  o f  n i t r o g e n ,  phosphorus and p o ta ss iu m  t h a t  a r e  p r e s e n t .
E f f e c t s  o f  s o i l  t e x t u r e . S o i l  t e x tu r e  ap p ears  to  in f lu e n c e  th e  
a v a i l a b i l i t y  o f  boron p r im a r i ly  as i t  a f f e c t s  th e  breakdown of o rg a n ic  
m a t te r  and th e  movement o f w a te r - s o lu b le  boron  th rough  th e  p r o f i l e .  
Kubota e t  a l .  (103) r e p o r t e d  t h a t  boron movement in  10 f i e l d  s o i l s  was 
r e l a t e d  p r im a r i ly  to  s o i l  t e x t u r e .  Where th e  s o i l  was u n ifo rm ly  
c o a rse  te x tu re d  th ro u g h o u t th e  p r o f i l e ,  much o f  th e  boron in  a p p l ie d  
borax  moved to  a  d e p th  o f  24 Inches  o r  d eep er  in  s ix  m onths. I n  th e  
f i n e - t e x t u r e d  s o i l s ,  much o f  th e  boron was found a t  d ep th s  r a n g in g  to  
abou t 12 in c h e s .  In  s im i l a r  s t u d i e s ,  W ilson e t  a l .  (234) found t h a t  
th e  boron in  40 pounds o f  a p p l ie d  bo rax  was a lm ost co m p le te ly  l o s t  from 
th e  s u r f a c e  e ig h t  in ch es  o f  N o rfo lk  sandy loam w i th in  s ix  months a f t e r  
i t s  a p p l i c a t i o n .  During th e  same p e r i o d ,  most o f  th e  r e c o v e ra b le  w a te r -  
s o lu b le  boron in  C e c i l  c la y  was found in  th e  upper e i g h t - i n c h  l a y e r .  
Where 30 pounds o f  borax  p e r  a c r e  had been a p p l ie d  a n n u a l ly  f o r  s ix  
y e a r s ,  most o f  th e  w a te r - s o lu b le  accum ulated  boron was in  th e  12 to  
3 6 - in c h  la y e r  in  N orfo lk  san d . I t  ranged  from 0 .8  to  1 .1  ppm. w h i le  
in  C e c i l  c l a y  th e  boron accum ulated  m ain ly  in  th e  s u r f a c e  s ix  Inches  
where th e  c o n c e n t r a t io n  was 1 .6  ppm.
K rugel e t  a l .  (101) s t a t e d  t h a t  d i s t i n c t  d i f f e r e n c e s  in  le a c h in g  
were o b ta in e d  between s o i l s .  A c id ic  l i g h t  ty p es  l o s t  most o f  th e  
added boron in  th e  f i r s t  le a c h in g  w h ile  a l k a l i n e  heavy ty p e s  l o s t  about
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th e  same amounts In  the  t h i r d  and f o u r th  l e a c h ln g s .  A l l  ty p e s  f i n a l l y  
l o s t  from 63 t o  94 p e r  c e n t  of th e  a p p l ie d  boron* Working w ith  
a l f a l f a ,  Wear and P a t t e r s o n  (226) found t h a t  p l a n t s  grown on c o a r s e -  
t e x tu r e d  s o i l  had th e  h ig h e s t  u p ta k e  o f boron p e r  u n i t  o f  w a t e r - s o lu b le  
boron in  the  s o i l  and th e  p l a n t s  grown on f i n e - t e x t u r e d  s o i l  had th e  
l e a s t  u p tak e  o f  bo ron . On a m ed ium -tex tu red  s o i l ,  boron  u p tak e  was 
i n t e r m e d la t e .
E a ton  and Wilcox (51) s t a t e d  t h a t  a n io n  ex ch an g e , chem ica l 
p r e c i p i t a t i o n  and m o le c u la r  a d s o r p t io n  as  b o r i c  a c id  w ere  c o n s id e re d  
as  p o s s i b l e  mechanisms f o r  boron  f i x a t i o n  in  s o i l s .  They concluded  t h a t  
a l l  t h r e e  ty p e s  o f  f i x a t i o n  may ta k e  p la c e  in  s o i l s ,  b u t th e y  w ere 
u n ab le  t o  a s c e r t a i n  w hich mechanism was dominant in  any p a r t i c u l a r  
s o i l .  L a t e r ,  P a rk s  ( 1 5 4 ) ,  w orking  w i th  D unkirk f in e  sandy loam, found 
t h a t  a t  lower l e v e l s  o f  boron  su p p ly  th e  p e rc e n ta g e  f i x a t i o n  in c re a s e d  
as  boron c o n c e n t r a t i o n  in c r e a s e d .  T h is  was i n t e r p r e t e d  as  b e in g  in  
su p p o r t  o f  th e  th e o r y  o f  an  a c t u a l  r e a c t i o n  o f boron  w i th  th e  c r y s t a l  
c l a y  l a t t i c e  s u r f a c e s .  However, Drake e t  a l .  (48) concluded  t h a t  boron 
i s  no t ad so rb ed  by c la y  o r  o rg a n ic  m a t te r  a t  a l k a l i n e  pH v a lu e s .
Rogers (172) s t a t e d  t h a t  th e  g r e a t e s t  r e sp o n se s  t o  a p p l i e d  boron 
by c o t to n  in  South C a ro l in a  in  1964 o c c u r re d  on th e  l i g h t e r  s o i l s .  He 
s t a t e d  t h a t  pronounced y i e l d  r e sp o n se s  were o b ta in e d  from f o l i a r  
a p p l i c a t i o n s  o f  0 .3  to  0 .4  pound o f  boron  p e r  a c r e .
One hundred  s e v e n ty - f o u r  sang>les c o l l e c t e d  from 26 s o i l  s e r i e s  in  
L o u is ia n a  by Kowalczuk (100) showed a h i g h ly  s i g n i f i c a n t  c o r r e l a t i o n  
betw een c l a y  c o n te n t  and h o t  w a t e r - e x t r a c t a b l e  boron c o n te n t .  He 
s t a t e d  t h a t  th e  e f f e c t  o f  le a c h in g  on th e  e x t r a c t a b l e  boron was
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i l l u s t r a t e d  by th e  lower boron v a lu e s  from th e  s o i l s  o f  th e  M is s i s s i p p i  
T e r ra c e  r e g io n  where th e  d r a in a g e  was more e f f e c t i v e  th a n  in  o th e r  
r e g io n s  s tu d i e d .  H igher boron  v a lu e s  were found a t  abou t th e  20- in c h  
d ep th  in  an A cadia  s i l t  loam which i n d i c a t e d  t h a t  a " c la y  pan" h o r iz o n  
was acc u m u la t in g  th e  leach ed  boron  from th e  upper h o r iz o n s .
Cox (39) r e p o r te d  t h a t  in  N orth  C a ro l in a  d e p th  t o  c l a y  in  loamy 
sands may be a f a c t o r  in  re sp o n se  o f  c o t to n  to  b o r o n - - th e  g r e a t e r  th e  
d e p th  t o  c la y  th e  more l i k e l ih o o d  t h e r e  i s  o f  re sp o n se  t o  a p p l i e d  b o ro n . 
T h is  o b s e r v a t io n  was su p p o r te d  by L a n c a s t e r ' s  work in  M is s i s s i p p i  (1 0 5 ) .  
L a n c a s te r  p o in te d  o u t t h a t  boron d e f i c i e n c y  in  c o t to n  had n o t  been  found 
on c la y e y  s o i l s  in  M i s s i s s i p p i .  E xam ination  o f  th e  f i e l d  e x p e r im e n ta l  
r e s u l t s  in  o th e r  S o u th e rn  s t a t e s  r e v e a l s  t h e  same.
E f f e c t s  o f  m ic r o b ia l  a c t i o n . N a f te l  (131) p roposed  th e  th e o ry  o f 
b i o l o g i c a l  a b s o r p t io n  o f boron  by m icroo rgan ism s as  a r e s u l t  o f  l im in g .  
S u b s e q u e n t ly , he (130) s t a t e d  t h a t  t h i s  th e o ry  was s t r e n g th e n e d  by th e  
f a c t  t h a t  l im e - in d u c e d  boron  d e f i c i e n c y  i s  tem p o ra ry . With th e  d e c l in e  
in  th e  m icroo rgan ism  p o p u l a t i o n ,  boron  would be r e l e a s e d  t o  p l a n t s .  The 
th e o ry  was su p p o r te d  by r e s u l t s  w hich showed t h a t  in  s t e r i l e  ( a u to c la v e d )  
s o i l ,  o v e r - l im in g  i n j u r y  d id  n o t  occur in  e x c e s s iv e ly - l im e d  s o i l s .  
However, th e  a u to c la v e d  s o i l  c o n ta in e d  ab o u t e i g h t  t im es  th e  w a te r -  
s o lu b le  boron c o n c e n t r a t i o n  a s  t h a t  o f  u n s t e r i l i z e d  s o i l .  He p o in te d  
o u t  t h a t  i t  was n o t  c l e a r  w h e th e r  t h i s  in c r e a s e  was due t o  d eco m p o s it io n  
o f  boron m in e ra ls  o r  d eco m p o s it io n  o f  o rg a n ic  m a t te r  and s u g g e s te d  t h a t  
p e rh ap s  b o th  chem ica l and b i o l o g i c a l  f i x a t i o n  p la y  a  r o l e .
Parks  and W hite (157) concluded  t h a t  boron  p ro b a b ly  u n i t e s  w i th  
f a v o ra b le  d i o l s  which a r e  formed a s  a  r e s u l t  o f  m ic r o b io lo g i c a l
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breakdown o f  o rg a n ic  m a t te r  In  a s o i l  system . F o llow ing  H a f t e l ' s  (131) 
s u g g e s t io n  t h a t  in c re a s e d  m ic ro b io lo g ic a l  a c t i o n  might r e s u l t  i n  boron 
d e f i c i e n c y ,  th ey  proposed  t h a t  t h i s  might in v o lv e  th e  fo rm a tio n  o f  a  
r e l a t i v e l y  la r g e  amount o f  d i o l  compounds t h a t  would complex th e  boron 
and re n d e r  i t  u n a v a i la b le  f o r  a  p e r io d  o f  t im e .  T h e ir  p ro p o sa l  was 
based in  p a r t  on a  d i s c u s s io n  by Boeseken and Vermaas (20) who s t a t e d  
t h a t  d i-h y d ro x y  a c id s  and a lc o h o ls  ( d l o l s )  r e a c t  w i th  b o r i c  a c id  t o  
form r in g  compounds. G erra rd  (63) f u r t h e r  d is c u s s e d  th e  r e a c t i o n  o f  
boron  w ith  a  la rg e  number o f  c a rb o h y d ra te  compounds such as  d i o l s ,  
c a rb o x y l ic  e s t e r s ,  a ld e h y d e s ,  k e to n e s  and o t h e r s .  A s im i l a r  th e o ry  
was proposed  by Katalymov (92) who a t t r i b u t e d  th e  d e c re a se d  a v a i l a b i l i t y  
o f  boron  a f t e r  l im ing  t o  th e  fo rm a tio n  o f  e s t e r s  o f  b o r i c  a c id  w i th  
po ly a to m ic  a lc o h o ls  o f  th e  s o i l .  He s t a t e d  t h a t  th e s e  complex boron 
compounds a r e  more s t a b l e  in  n e u t r a l  o r  w e a k ly - a lk a l in e  media th a n  in  
a c id  media. When he ashed  such  compounds and in tro d u c e d  th e  ash as  th e  
boron source  i n to  s o lu t i o n  c u l t u r e ,  p l a n t  developm ent was norm al.
These views were su p p o rted  somewhat by th e  e a r l i e r  c o n c lu s io n  of 
M idgley and Dunklee (123) t h a t  b o ra te  f i x a t i o n  i s  chem ica l r a t h e r  th a n  
b i o l o g i c a l  i n  n a tu re  and t h a t  th e  e lem ent i s  n o t  f ix e d  as  ca lc ium  
b o r a te  bu t seems t o  be tak en  up by s o i l  o rg a n ic  m a t te r  a f t e r  i t  has  been 
a c t i v a t e d  by lim e . Lehr and Henkens (107) r e p o r te d  t h a t  i n  a s o i l  w i th  
3 p e r  cen t o rg a n ic  m a t te r  th e  w a te r - s o lu b le  boron c o n c e n t r a t io n  e i g h t  
weeks a f t e r  l im ing  was no lower th a n  t h a t  in  unlim ed s o i l .  In  t h i s  s o i l ,  
boron was n o t  f ix e d  by  lim ing  t o  pH 7 .7 ,  b u t  in  a  s o i l  w i th  25 p e r  cen t  
o rg a n ic  m a t te r  th e  c o n c e n t r a t io n  o f  w a te r - s o lu b le  boron was reduced  
when lime was added t o  o b ta in  a  pH v a lu e  o f  6 . 6 . A lexander  (2 )  s t a t e d  
t h a t  m ic ro b ia l  a c t i v i t y  i s  r e l a t e d  t o  m ic ro n u t r ie n t  t r a n s f o r m a t io n s .
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E f f e c t s  o f  th e  boron c o n te n t  o f  f e r t i l i z e r s  and l im e s to n e .  The 
v a ry in g  boron c o n te n t  o f  commercial f e r t i l i s e r s  and lim in g  m a t e r i a l s  may 
In  p a r t  e x p la in  some o f  th e  c o n f l i c t i n g  e x p e r im e n ta l  r e s u l t s  t h a t  have 
been o b ta in e d  w i th  bo ron . MacKay e t  a l .  (114) found t h a t  commercial 
s la k e d  lime p ro v id e d  s u f f i c i e n t  boron as an im p u r i ty  t o  p re v e n t  th e  
developm ent o f  boron d e f i c i e n c y  i n  sp in a c h .  I n  a subsequen t ex p e r im e n t,  
sp in ac h  responded more t o  added boron when c h e m ic a l ly  pure  ca lc iu m  and 
magnesium c a rb o n a te  were th e  lim ing  m a t e r i a l s  th an  when commercial 
d o lo m ite  was u sed .  C h ic h i lo  and W h it tak e r  (30) found t h a t  th e  boron 
c o n c e n t r a t io n  in  a g r i c u l t u r a l  l im esto n e  samples v a r i e d  from l e s s  th a n  
one to  21 ppm. as  t o t a l  bo ron . Three samples from A rkansas v a r i e d  in  
t o t a l  boron c o n te n t  from l e s s  th an  one t o  3 .0  ppm. The r e p o r te d  boron 
c o n te n ts  o f  commercial f e r t i l i z e r s  a r e  q u i t e  v a r i a b l e  (1 6 ,  17, 6 1 , 113, 
136, 166, 205, 227, 243).
Eaton (50) was in c l i n e d  to  a t t r i b u t e  the  r e p o r te d  s u p e r i o r i t y  o f  
C h i le a n  n i t r a t e  o f  soda over s y n th e t i c  n i t r o g e n  f e r t i l i z e r s  to  th e  
f o rm e r 's  t r a c e s  of boron and concluded t h a t  g r a t i f y i n g  r e s u l t s  w i th  
c o t to n  might fo llo w  th e  use  o f  boron as  a f e r t i l i z e r  in  f i e l d  t e s t s .  
Shlve (190) found t h a t  C h ilean  n i t r a t e  o f  soda p ro v id e d  in  a v a i l a b l e  
form and i n  s u f f i c i e n t  q u a n t i t y  th e  boron a s  w e l l  a s  th e  manganese f o r  
norm al grow th and developm ent o f  s e v e r a l  c r o p s ,  in c lu d in g  c o t to n .
B alsden  and Sommer ( 6 ) a l s o  r e p o r te d  normal grow th o f  c o t to n  and co rn  
p l a n t s  when grown in  s o lu t io n s  c o n ta in in g  C h ilean  n i t r a t e  o f  soda as 
th e  n i t r o g e n  so u rce  w h ile  abnormal grow th o c c u r re d  in  p u r i f i e d  s a l t  
s o l u t i o n s .  As a  r e s u l t  o f  g reenhouse  ex p er im en ts  w i th  f iv e  s o i l s  in  
V i r g i n i a ,  W ellborn e t  a l .  (227) showed t h a t  h ig h e r  c o t to n  y i e l d s  were
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o b ta in e d  w i th  C h i le a n  n i t r a t e ,  20 per  c e n t  superphospha te  and k a l n l t e  
th a n  w i th  c h e m ic a l ly  pure  c a r r i e r s  o f  n i t r o g e n ,  phosphorus and 
p o ta ss iu m . H igher y i e l d s  were o b ta in e d  w i th  C h ilean  n i t r a t e  and 
ch e m ic a l ly  pure  phosphorus and p o ta ss iu m  c a r r i e r s  and w i th  c h e m ic a l ly  
p u re  n i t r o g e n ,  superp h o sp h a te  and p o ta s h  th a n  w i th  c h em ica lly  pure  
so u rces  o f  a l l  t h r e e  p r im ary  n u t r i e n t s .  Based on s im i l a r  r e s u l t s ,
Hudig and Lehr (83) concluded  t h a t  t h e  co n tin u ed  use  o f h i g h l y - p u r i f l e d  
f e r t i l i z e r  s a l t s  would cause  boron  d e f i c i e n c y  to  in c r e a s e  in  im portance .
E f f e c t s  o f  m o is tu re  and te m p e r a tu re . One o f  th e  m ajor f a c t o r s  
which a f f e c t s  boron a v a i l a b i l i t y  to  p l a n t s  in  t h e  f i e l d  i s  th e  
m o is tu re  c o n te n t  of th e  s o i l .  L a n c a s te r  e t  a l .  (106) r e l a t e d  s e v e re  
shedding  o f  c o t to n  sq u a re s  and b o l l s  d u r in g  a  simmer d ro u th  to  th e  
in c id e n c e  o f  boron d e f i c i e n c y .  Hardy (76) s t a t e d  t h a t  an  e a r ly - s e a s o n  
d ro u th  in  1962 c o n t r ib u te d  t o  th e  o c c u r re n c e  of e a r ly - s e a s o n  boron 
d e f i c i e n c y  in  c o t to n  in  A rkansas .
Schropp and S c h a r re r  (181) r e p o r te d  t h a t  in  po t exper im en ts  w ith  
mangolds th e  c o n t r o l l i n g  f a c t o r  i n  d e c id in g  th e  i n t e n s i t y  o f  boron 
d e f i c i e n c y  was th e  w a t e r - r e t a i n i n g  c a p a c i ty  o f t h e  s o i l .  K ostiuchenko 
(99) s t a t e d  t h a t  boron  d e f i c i e n c y  in  f l a x  fo llow ed  o v e r - l im in g  on s o i l s  
o n ly  where th e  m o is tu re  c o n te n t  was l i m i t e d .  In  W iscons in ,  boron 
d e f i c i e n c y  in  b e e ts  was r e p o r te d  t o  become more a c u te  d u r in g  d ro u th  
p e r io d s  o r  a f t e r  th u n d e r  showers fo l lo w in g  m id -season  d ro u th  ( 2 2 2 ) .  
Hamence and Oram (74) s t a t e d  t h a t  boron  d e f i c i e n c y  in  b e e t s  was more 
marked in  d r i e r  y e a rs  and on l i g h t e r  s o i l s  where i n t e r m i t t e n t  d ry  
p e r io d s  were a l s o  l i k e l y  t o  o c c u r .  These r e p o r t s  may be p a r t i a l l y  
e x p la in e d  by P a rk s '  (154) r e s u l t s  which showed t h a t  in  D unkirk  f in e
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sandy loam boron f i x a t i o n  in c re a s e d  w ith  in c r e a s in g  numbers o f  d ry in g  
c y c le s  and w ith  in c r e a s in g  te m p e ra tu re s .
In  g reenhouse  s tu d i e s  w i th  s o i l s  in  I n d ia n a ,  Hobbs and 
Bertram son (80) found t h a t  f a s t -g ro w in g  tom ato p l a n t s  were n o t  a b le  to  
o b ta in  s u f f i c i e n t  boron from a d ry  s u r f a c e  s o i l  t o  m a in ta in  d e v e lo p ­
ment even though adequa te  m o is tu re  was a v a i l a b l e  in  th e  s u b s o i l .  They 
proposed  t h a t  th e s e  r e s u l t s  e x p la in  th e  f a c t  t h a t  a l f a l f a  p l a n t s  on some 
s o i l s  show boron d e f i c i e n c y  synptoms in  y e a r s  w ith  d ro u th y  summers but 
r a r e l y  show th e s e  symptoms i n  seaso n s  o f g r e a t e r  r a i n f a l l .
W hite-S tevens  (231) r e p o r te d  t h a t  th e  a v a i l a b l e  boron in  a c id  
s o i l s  o f  Long I s l a n d ,  New York, was r e a d i l y  leached  out by heavy r a i n .  
C on seq u en tly ,  h e a v ie r  borax a p p l i c a t i o n s  were r e q u i re d  in  wet seasons  
th a n  in  d ry  ones . Adequate c o n t r o l  was s a id  t o  be m a in ta in ed  by 
ap p ly in g  a t  p l a n t i n g  th e  amounts o f  boron  r e q u i r e d  fo r  a d ry  season  
and , in  th e  ev en t  o f  subsequen t r a i n f a l l ,  by ap p ly in g  a d d i t i o n a l  quan­
t i t i e s  as s id e - d r e s s in g s  o r  in  s p ra y s .
Working w i th  b ean ,  tomato and sun flow er p l a n t s  in  w a te r  c u l t u r e s ,  
S ta rc k  (202) showed t h a t  boron  d e f i c i e n c y  i n h i b i t e d  in ta k e  o f w a te r ,  
ca lc iu m , p o ta ss iu m  and p h osphorus ,  due p ro b a b ly  to  th e  g e n e r a l  r e t a r ­
d a t io n  o f  g row th . In  n u t r i e n t  s o lu t io n  s t u d i e s ,  O e r t l i  (141) found 
t h a t  c o n d i t io n s  f a v o r in g  in te n s e  t r a n s p i r a t i o n  such as  low h u m id ity ,  
h ig h  a i r  te m p e ra tu re  and h ig h  l i g h t  i n t e n s i t y  r e s u l t e d  in  c o n c e n t r a t io n  
o f  boron in  th e  t i p s  o f  b a r l e y  le a v e s .  Under c o n d i t io n s  p e r m i t t in g  
g u t a t i o n ,  th e  d i s t r i b u t i o n  of boron was more homogeneous in  th e  le a v e s .  
I n c re a s e d  w a te r  movement caused an in c re a s e d  boron  t r a n s l o c a t i o n  to  th e  
t o p s .
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Enzmann (55 )  r e p o r te d  t h a t  boron f e r t i l i z a t i o n  in  p o t  c u l t u r e s  
red u ced  t r a n s p i r a t i o n  o f  su g ar  b e e t s .  P l a n t s  growing in  s o i l  w i th  40 
p e r  c e n t  w a te r  s a t u r a t i o n  r e q u i r e d  l a r g e r  amounts o f  boron  th a n  th o s e  
in  s o i l  w i th  60 t o  80 p e r  cen t s a t u r a t i o n .  Boron t r e a tm e n t  in c r e a s e d  
th e  t r a n s p i r a t i o n  o f b a r l e y  p l a n t s  on w eakly  s o r p t i v e  s o i l s  and 
red u ced  i t  on c o l l o i d - r i c h  s o i l s .  T r a n s p i r a t i o n  of su g a r  b e e t  p l a n t s  
in c r e a s e d  w i th  e i t h e r  boron  d e f i c i e n c y  o r  e x cess  bo ron .
D o rfm u lle r  (47) ob se rv ed  t h a t  in  th e  g re e n h o u se ,  a sudden r i s e  
in  te m p e ra tu re  r e s u l t e d  in  extrem e w i l t i n g  of norm al bean p l a n t s  w h ile  
b o r o n - d e f i c i e n t  p l a n t s  showed no v i s i b l e  lo s s  o f  t u r g o r .  However,
W i l l i s  and P i la n d  (233) o bserved  t h a t  in  a d ry  se a so n  in  N orth  C a r o l i n a ,  
boron d e f i c i e n c y  in  romaine p l a n t s  in  f i e l d  p l o t s  w i l t e d  s e v e r e ly  
w h i le  no w i l t i n g  o c c u r re d  a t  any tim e where b o rax  was a p p l i e d .  They 
s t a t e d  t h a t  r o o t  m a l n u t r i t i o n  and d e f e c t i v e  s o lv e n t  a c t i o n  by r o o ts  
were a s s o c i a t e d  w i th  boron  d e f i c i e n c y .
E f f e c t s  o f  th e  c o t to n  v a r i e t y . Waddle (219) has  p roposed  an 
e x p la n a t io n  o f  th e  g r e a t e r  re sp o n se  to  boron  by the  Rex v a r i e t y  o f  
c o t to n  th a n  by l e s s  e a r l y  v a r i e t i e s .  He reaso n ed  t h a t  i f  one assumes 
th e  m ajor demand f o r  boron  t o  o ccu r  d u r in g  th e  p e r io d  o f  d e v e lo p in g  
seed  on th e  p l a n t ,  th e  need  fo r  t h i s  e lem en t by c o t to n  i n  A rkansas  i s  
maximized in  e a r l y  August when i t  i s  o f t e n  l e a s t  a v a i l a b l e  to  p l a n t s .  
Thus, one would e x p ec t  a r a p i d ly  f r u i t i n g  c o t to n  t o  show a  g r e a t e r  
re sp o n se  t o  boron  th a n  a v a r i e t y  t h a t  f r u i t s  more s lo w ly  and f o r  a  
lo n g e r  p e r io d .  Schropp and Arenz (179) r e p o r t e d  a d i f f e r e n t i a l  
t o l e r a n c e  toward boron  d e f i c i e n c y  among fo u r  d i f f e r e n t  v a r i e t i e s  o f  
E g y p t ia n  c o t to n .  They s t a t e d  t h a t  th e s e  d i f f e r e n c e s  were p ro b a b ly  due
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t o  th e  c l im a t i c  c o n d i t io n s  o f  th e  t y p i c a l  c u l t u r e  r e g io n s  o f  th e  fo u r  
v a r i e t i e s .
Techniques f o r  D eterm in ing  a  S u f f i c i e n c y  o r an Excess o f  Boron
Based on e x te n s iv e  s t u d i e s ,  Eaton and Wilcox (51) reg a rd ed  
b i o l o g i c a l  a n a ly s e s  as b e in g  b e t t e r  s u i t e d  to  th e  s tu d y  o f  boron d e f i ­
c ien cy  th a n  ch e m ic a l  m ethods. However, th e y  e s t im a te d  t h a t  a  h o t  
w a te r - s o lu b le  boron c o n c e n t r a t io n  between 0 .1  and 0 .5  ppm, might be 
g e n e r a l ly  i n s u f f i c i e n t  and t h a t  c o n c e n t r a t io n s  between 0 .5  and 5 .0  
ppm. might be t o x i c .
In  a g reenhouse  experim en t w i th  c o t t o n ,  Page (150) o b ta in e d  a 
c o r r e l a t i o n  c o e f f i c i e n t  o f  0 .939  between h o t  w a te r - s o lu b l e  s o i l  boron 
c o n c e n t r a t io n  and the  boron c o n c e n t r a t io n  in  th e  p l a n t  t i s s u e .
Sedberry  and Nugent (187) r e p o r te d  a h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n ,  
r  = .7 5 5 ,  between th e  boron c o n c e n t r a t io n  in  m ature c o t to n  le av es  and 
h o t w a te r - s o lu b le  boron c o n c e n t r a t io n  in  th e  s o i l s  o f  th e  A rkansas and 
O uach ita  R iver  bottom s in  L o u is ia n a .  The s o i l  s e r i e s  in c lu d ed  H e b e r t ,  
G a l l i o n ,  Dundee and Iu k a .  There was no r e l a t i o n s h i p  between p l a n t  boron 
and ho t w a te r - s o lu b le  boron in  s o i l s  o f  th e  M is s i s s i p p i  T e r ra c e s  and th e  
Red R iver V a l le y .
L a n c a s te r  (105) s t a t e d  t h a t  where m oderate  to  s e v e re  boron 
d e f i c i e n c y  in  c o t to n  had o c c u r re d ,  th e  s o i l  c o n c e n t r a t io n  o f  h o t  w a te r -  
s o lu b le  boron was n o t  g r e a t e r  th a n  0 .1  ppm. Based on r e s u l t s  o f  work 
i n  M i s s i s s i p p i ,  he concluded t h a t  no re sp o n se  to  a p p l ie d  boron would be 
ex p ec ted  where th e  s o i l  c o n ta in s  0 .1 5  ppm. o r  more o f  ho t w a te r - s o lu b le  
boron . Sedberry  and Nugent (186) r e p o r te d  a la r g e  re sp o n se  from 
a p p l ie d  boron on H ebert s i l t  loam c o n ta in in g  0 .19  ppm. They r e p o r te d
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no s i g n i f i c a n t  re sp o n se  to  a p p l ie d  boron In  37 o th e r  f i e l d  experim en ts  
in  L o u is ia n a  in  1963 and 1964 on s o i l s  ran g in g  from 0 .13  to  0 .5 6  ppm. 
in  hot w a te r - s o lu b le  boron c o n c e n t r a t io n .
O lsen  (142) found no c o n s i s t e n t  in c r e a s e  in  c o t to n  y i e l d s  from 
borax  a p p l i c a t i o n  on s o i l s  in  which th e  w a te r - s o lu b le  boron  c o n c e n t r a ­
t i o n s  ranged from 0 .0 5  to  0 .5 5  ppm.
B erger  and Truog (1 3 ,  15) concluded t h a t  th e  ho t w a te r - s o lu b le  
boron c o n c e n t r a t io n  i n  th e  s o i l  appeared  to  be a s a t i s f a c t o r y  means o f  
t e l l i n g  when boron a p p l i c a t i o n  was needed fo r  sugar  b e e t s  on s o i l s  in  
W isconsin .  S t in so n  (204) and O u e l l e t t e  and Lachance (145) s t a t e d  t h a t  
th e  method could  be r e l i a b l y  used to  p r e d i c t  boron d e f i c i e n c y  in  a l f a l f a  
i f  c o n s id e r a t io n  was made fo r  th e  need fo r  more boron in  heavy s o i l s  
th a n  in  l i g h t - t e x t u r e d  s o i l s  in  o rd e r  t o  avo id  a  d e f i c i e n c y .  O u e l l e t t e  
and Lachance concluded t h a t ,  w i th o u t  r e g a rd  t o  pH, th e  th r e s h o ld  v a lu e s  
fo r  boron  d e f i c i e n c y  were 0 . 5 ,  0 .6  and 0 .8  ppm. of h o t  w a te r - s o lu b le  
boron in  l i g h t ,  medium and h e a v y - te x tu re d  s o i l s ,  r e s p e c t i v e l y ,  in  
Canada. In  I n d ia n a ,  S t in so n  (204) c o n s id e re d  0 .3 0  and 0 .5 0  ppm. to  
be th e  th re s h o ld  v a lu e s  fo r  boron d e f i c i e n c y  in  a l f a l f a  on sandy s o i l s  
and h e a v ie r  s o i l s ,  r e s p e c t i v e l y .
R ep o rtin g  on r e s u l t s  of a g reenhouse  s tu d y  w ith  a l f a l f a ,  Wear 
and P a t t e r s o n  (226) s t a t e d  t h a t  t e x t u r e  and pH must be c o n s id e re d  when 
w a te r - s o lu b le  boron i s  used as a measure o f  boron a v a i l a b i l i t y  to  
p l a n t s .  Walsh and Golden (224) concluded from r e s u l t s  o f  experim en ts  
w i th  s e v e r a l  crops  on s o i l s  in  I r e l a n d  t h a t  th e  v a lu e  f o r  h o t  w a te r -  
s o lu b le  boron a t  which d e f i c i e n c y  b e g in s  Is  about 0 .4  ppm. in  m odera te ly  
a c id  s o i l s ,  about 0 .7  ppm. in  a l k a l i n e  s o i l s  and about 0 .6  ppm. in  
a c id  s o i l s  to  be lim ed.
Based on a  rev iew  of th e  l i t e r a t u r e  p r i o r  to  1937, Dennis and 
O 'B r ie n  (45) concluded t h a t  th e  ho t w a te r - s o lu b le  boron c o n c e n t r a t io n  
o f  th e  s o i l  cou ld  n o t be used as  a r e l i a b l e  b a s i s  f o r  p r e d i c t in g  
w hether  o r no t boron d e f i c i e n c y  e x i s t s .  T h e ir  c o n c lu s io n  i s  f u r t h e r  
su p p o rted  by c o n s id e ra b le  d a ta  in  more r e c e n t  r e p o r t s .  For e x a n p le ,  
Windsor (2 3 5 , 236) r e p o r te d  r e s u l t s  which showed v a r i a t i o n s  a s  h ig h  as  
550 p e r  cen t  in  th e  h o t  w a te r - s o lu b le  boron c o n c e n t r a t io n  o f  s o i l s  
w ith  d i f f e r e n t  seasons  o f  th e  y e a r .  He concluded  t h a t  th e  supp ly  o f  
boron to  p l a n t s  i s  m arkedly a f f e c t e d  by te m p e ra tu re  and m o is tu re  
c o n te n t  o f  th e  s o i l ,  d e c re a s in g  as  te m p e ra tu re  r i s e s  and a s  m o is tu re  
c o n te n t  d e c r e a s e s .  He emphasized t h a t  t h i s  could  lead  to  e r ro n eo u s  
c o n c lu s io n s  in  e s t a b l i s h i n g  c r i t i c a l  l e v e l s  fo r  s o i l  boron . A r e l a t e d  
so u rce  o f e r r o r  was p o in te d  ou t by P h l l ip s o n  (159) who s t a t e d  t h a t  th e  
s to r i n g  o f  d r ie d  s o i l  samples d u r in g  s e v e r a l  y e a r s  may be c o n s id e re d  as  
a long d ry  p e r io d  d u r in g  which slow r e a c t i o n s  ta k e  p l a c e ,  making a 
s m a l le r  p a r t  o f  th e  b o r i c  a c id  more e a s i l y  e x t r a c t a b l e  and a g r e a t e r  
p a r t  h a rd e r  bound by th e  cem enting o f  s i l i c a  s h e e ts  o f  th e  c la y  c r y s t a l  
l a t t i c e  more f i r m ly  t o g e t h e r .  He p o in te d  o u t t h a t  when th e  form er p a r t  
i s  s u b je c te d  to  a marked l e a c h in g ,  th e r e  i s  a t  l e a s t  a tem porary  
low ering  o f  th e  e a s i l y - e x t r a c t a b l e  q u a n t i t y  o f  boron and t h i s  v a r i e s  
w i th  th e  s o i l  c o n te n t  o f  OH- g ro u p s .  Humus su b s ta n c e s  b ind  th e  e a s i l y  
e x t r a c t a b l e  boron as  long as th e y  c a r r y  th e  n e c e s s a ry  a s so r tm e n t  o f  OH" 
g ro u p s ,  and t h i s  p a r t  cannot be ex p ec ted  to  be a c c e s s i b l e  t o  p l a n t s  to  
th e  same e x te n t  a s  i s  th e  p a r t  bound t o  m in e ra l  w e a th e r in g  p ro d u c ts .
He concluded t h a t  humus p la y s  an im p o rtan t  r o l e  in  p r e v e n t in g  lo s s e s  
caused by th e  washing away o f  b o r ic  a c id  w ea thered  ou t o f  th e  c la y .
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Hamence and Oram (74) concluded  t h a t  s o l i  a n a l y s i s  was n o t  a
r e l i a b l e  Index o f  boron d e f i c i e n c y  In  su g a r  b e e t s .
From r e s u l t s  of th e s e  and o th e r  I n v e s t i g a t i o n s , i t  seems a p p a re n t
t h a t  u s in g  the  ho t w a t e r - s o l u b l e  boron c o n c e n t r a t i o n  as  a means o f
d e te rm in in g  a c o n d i t io n  of boron d e f i c i e n c y  i s  c o m p lica ted  by th e  s o i l  
pH, t e x t u r e ,  m o is tu r e ,  t e m p e r a tu re ,  humus c o n t e n t ,  the  tim e o f  sam pling  
and th e  le n g th  o f  t im e s o i l  samples a r e  d r ie d  and s to r e d .
A nalyses  o f p l a n t  t i s s u e  ap p ear  to  show prom ise  as  a means f o r  
p r e d i c t i n g  boron d e f i c i e n c y  in  c o t t o n .  A ccord ing  to  L a n c a s te r  ( 1 0 5 ) ,  
immature le a v e s  o f  c o t to n  p l a n t s  on b o r o n - t r e a t e d  f i e l d  p l o t s  c o n ta in e d  
15 t o  20 ppm. o f  boron as  conf>ared w ith  l e s s  th a n  10 ppm. in  th o se  o f  
u n t r e a t e d  p l o t s .  He concluded  t h a t  a c o n c e n t r a t i o n  o f  15 ppm. or l e s s  
o f  boron i s  c r i t i c a l  and t h a t  no re sp o n se  t o  a p p l i e d  boron  cou ld  be 
ex p ec ted  i f  the  immature le a v e s  c o n ta in  20  ppm. o r  more o f  bo ron .
R e s u l t s  somewhat in  acco rd  w ith  t h i s  c o n c lu s io n  were r e p o r t e d  by 
S edberry  and Nugent (186) who found t h a t  th e  boron  c o n c e n t r a t i o n  in  
p l a n t  p a r t s  in  b o r o n - t r e a t e d  and u n t r e a t e d  p l o t s ,  r e s p e c t i v e l y ,  were 
as  fo l lo w s :  top  m ature  l e a v e s ,  21 .0  and 7 .1  ppm.; top  m atu re  l e a f
p e t i o l e s ,  21 .7  and 10 .2 ; a l l  l e a v e s ,  16 .2  and 8 .4 ;  a l l  l e a f  p e t i o l e s ,  
19.2 and 7 .4 ;  seco n d ary  s te m s ,  14 .1  and 9 .4 ;  main s te m s ,  9 .0  and 5 .9 ;  
r o o t s ,  11.0 and 7 .3 ;  and f r u i t i n g  fo rm s , 6 .7  and 4 . 4 .  O lsen  (142) 
r e p o r te d  t h a t  th e  boron c o n c e n t r a t i o n  in  u n t r e a t e d  c o t to n  s e e d l in g s  was 
21 ppm. as compared w i th  60 ppm. in  th o se  t r e a t e d  w i th  t h r e e  t o  f i v e  
pounds o f  borax  p e r  a c r e .
R ep o r t in g  on r e s u l t s  from e x p e r im en ts  I n  A r iz o n a ,  B a r r e t t  ( 8 ) 
s t a t e d  t h a t  in  whole above-g round  p l a n t s  from f i e l d  p l o t s  which r e c e iv e d  
no boron in  th e  f e r t i l i z e r ,  the  boron c o n c e n t r a t i o n  ranged from 65 t o  75
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ppm, w h ile  th e  c o n c e n t r a t i o n  in  th e  t i s s u e  from b o r o n - t r e a t e d  p l o t s  
ranged from 95 t o  100 ppm* These r e s u l t s  were somewhat c o n s i s t e n t  w ith  
th o s e  r e p o r te d  by K rug lova  (102) who found th e  boron  c o n c e n t r a t i o n  in  
c o t to n  p l a n t  p a r t s  t o  be a s  fo l lo w s :  l e a v e s ,  60 t o  70 ppm.; s tem s and
h u l l s ,  6 ppm.; s e e d ,  27 ppm.; and s ta m e n s ,  108 ppm.
B erger  and Truog (14) r e p o r t e d  t h a t  a l f a l f a  p l a n t s  p ro v id e d  
w i th  a p l e n t i f u l  su p p ly  o f  boron c o n ta in e d  20 t o  30 ppm. o f  boron  in  
th e  d ry  t i s s u e  w h i le  b o r o n - d e f i c i e n t  p l a n t s  c o n ta in e d  o n ly  8 ppm. 
B o r o n - s u f f i c i e n t  b e e t s  c o n ta in e d  24 ppm. o f  boron w h ile  b o r o n - d e f i c i e n t  
ones c o n ta in e d  14 .5  ppm. Powers and J o rd a n  (163) found t h a t  t h r i f t y  
a l f a l f a  p l a n t s  c o n ta in e d  20 to  50 ppm. o f  boron w h i le  b o r o n - d e f i c i e n t  
ones c o n ta in e d  below 12 ppm.
Based on r e s u l t s  o f  e x te n s iv e  s tu d i e s  in  Sweden, P h l l l p s o n  (159) 
concluded  t h a t  r e s u l t s  o f  p l a n t  t i s s u e  a n a ly s e s  can  be used  t o  d e t e r ­
mine w h e th e r  s u s p ic io u s  symptoms a r e  due to  boron d e f i c i e n c y  b u t t h a t  
th e y  canno t be r e l i e d  on t o  judge  th e  s o i l  c o n d i t io n s  r e l a t i v e  to  
boron s u p p ly .  He a t t r i b u t e d  t h i s  c h i e f l y  t o  th e  v a r i a b i l i t y  in  t h e  s o i l  
su p p ly  o f  boron w i th  v a r i a b l e  m o is tu re  c o n d i t i o n s .  He s t a t e d  t h a t  p la n t  
t i s s u e  a n a ly s e s  do no t r e f l e c t  th e  g e n e r a l  c o n d i t io n  bu t o n ly  th e  a c t u a l  
s i t u a t i o n  a t  th e  tim e o f  sam pling . A n a ly ses  o f  s o i l  sam ples ta k e n  in  
c o n s e c u t iv e  y e a r s  from th e  same p l o t  showed t h a t ,  i n  most c a s e s ,  th e r e  
were no a p p r e c i a b l e  changes in  th e  w a t e r - s o l u b l e  boron c o n t e n t ,  
a l th o u g h  d ro u th  b rough t ab o u t an o c c a s io n a l  tem p o ra ry  lo w e r in g .  He 
f u r t h e r  conc luded  t h a t  i f  a d ro u th  p e r io d  shou ld  b e g in  J u s t  b e f o re  th e  
f ic w e r in g  p e r io d  f o r  a seed  c ro p ,  s e r io u s  damage can r e s u l t  where th e  
s o i l  c o n te n t  o f  boron  i s  on the  low s id e  and even where th e  t o p s o i l  
i s  r e a s o n a b ly  w e l l  s u p p l ie d  w i th  a v a i l a b l e  b o ro n .
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R eporting  on a  b i o l o g i c a l  method f o r  d e te rm in in g  th e  boron  e t a t u s  
o f  s o i l ,  C o lw e ll  and Baker (36) s t a t e d ' t h a t  sun flow er was s u p e r io r  t o  
sugar  b e e t  and n a s tu r t iu m  a s  an I n d ic a t o r  p l a n t  o f  boron  d e f i c i e n c y .
L a te r  C o lw ell  (3 4 ,  35) p r e s e n te d  r e s u l t s  o f  a  s tu d y  in  w hich f i v e  
su n flo w er  p l a n t s  were grown i n  one pound o f  s o i l .  The c r i t e r i o n  f o r  
th e  boron s t a t u s  o f  th e  s o i l  was th e  age o f  th e  p l a n t s  when th e  i n i t i a l  
s tag e s  o f  boron d e f i c i e n c y  symptoms ap p e a re d .  T h is  age was term ed th e  
"age v a l u e . "  C o r r e l a t io n  was o b ta in e d  between th e  "age v a lu e "  o f  
o rc h a rd  s o i l s  and th e  in c id e n c e  o f  boron d e f i c i e n c y  in  a p p l e s ,  b u t th e  
r e l a t i o n s h i p  d id  n o t  ho ld  on a l im i te d  number o f  s o i l  samples from 
f i e l d s  on w hich b e e t s  had e x h ib i t e d  boron d e f i c i e n c y  symptoms. He 
concluded  t h a t  boron d e f i c i e n c y  in  a l f a l f a  cou ld  be ex p ec ted  t o  e x i s t  
i f  th e  age v a lu e s  f o r  th e  0-12 and 12-24 in ch  s o i l  h o r iz o n s  av e rag e  
l e s s  th a n  t h a t  o f  p l a n t s  growing in  sand c u l t u r e  s u p p l ie d  w i th  a  n u t r i e n t  
s o l u t i o n  c o n ta in in g  0 .3  ppm. o f  boron .
M cDevitt (116) e x t e n s iv e ly  review ed th e  methods f o r  th e  q u a n t i ­
t a t i v e  d e te r m in a t io n  of boron i n  s o i l s  and in  p l a n t  m a t e r i a l s .  He 
p o in te d  ou t t h a t  in  r e c e n t  y e a r s  th e  methods most commonly used have 
been s p e c t ro p h o to m e tr lc  p ro c e d u re s .  In  th e s e  methods a  s o lu t i o n  
c o n ta in in g  boron  i s  mixed w ith  a  r e a g e n t  and a  c o lo r  complex i s  form ed, 
t h e  s p e c t r a l  c h a r a c t e r i s t i c s  o f  th e  s o lu t io n  changing i n  such a  way 
t h a t  B e e r 's  law i s  obeyed over  a  c e r t a i n  range  o f c o n c e n t r a t io n .
R eagents  t h a t  have been used t o  d ev e lo p  th e  c o lo r  w i th  boron  a r e  
q u i n a l l z a r i n ,  curcumin and carm ine . B erger and Truog (14) a d ap ted  th e  
q u i n a l i z a r i n  method t o  th e  d e te r m in a t io n  o f boron in  s o i l s  and p l a n t  
m a t e r i a l ,  r e p o r t i n g  t h a t  0 .0 0 0 1  m i l l ig ra m  o f  boron cou ld  be d e t e c t e d .
50
Olson and DeTurk (143) used a p h o t o e l e c t r i c  c o lo r im e te r  f o r  c o lo r  
com parison . They r e p o r te d  t h a t  o x id iz in g  a g e n ts  such as  n i t r a t e s ,  
d ich ro m a tes  and perm anganates  d e s tro y e d  th e  c o lo r .  Evans and 
McHarque (56) used  carmine in  th e  d e te rm in a t io n  o f  boron in  s o i l  
e x t r a c t s ,  p l a n t  m a te r i a l  and f e r t i l i z e r s .
D ib le  e t  a l .  (46) d e s c r ib e d  a method f o r  th e  d e te r m in a t io n  o f  
th e  h o t  w a te r - s o lu b le  boron c o n c e n t r a t io n  in  s o i l s  and f o r  th e  t o t a l  
boron in  p la n t  m a t e r i a l .  The method has  th e  advan tage  o f  b e ing  
s e n s i t i v e  t o  sm a ll  amounts o f  b o ro n ,  and i t  does n o t  r e q u i r e  th e  use  o f  
s tro n g  c o r r o s iv e  a c i d s .  However, use  o f  curcumin t o  deve lop  th e  c o lo r  
p r e s e n t s  th e  d isa d v a n ta g e  t h a t  n i t r a t e s  and sodium s a l t s  I n t e r f e r e  w ith  
t h e  c o lo r  developm ent.
R e s u l t s  o b ta in e d  by McDevitt (116) emphasize th e  p r e c a u t io n s  
t h a t  a r e  needed in  a v o id in g  c o n ta m in a t io n  o f  s o i l  and p l a n t  samples 
w i th  boron . He found t h a t  c o n ta in e r s  made o f g l a s s ,  c l o t h ,  aluminum 
and waxed ca rdboard  d id  n o t  add any boron t o  th e  s o i l  sample. Three 
b rands o f  K ra f t  p ap er  bags t h a t  w ere a n a ly zed  con tam ina ted  th e  s o i l  
sample w i th  bo ro n . Among 17 l o t s  o f  f i l t e r  p ap er  a n a ly z e d ,  t h e  boron 
c o n c e n t r a t io n  v a r i e d  from a low v a lu e  o f  0.00013 m il l ig ra m  to  a h ig h  
v a lu e  o f  0 .0399 m il l ig ra m  o f  boron p e r  p a p e r .
Methods f o r  Applying Boron t o  S o i l s  o r  D i r e c t l y  t o  P la n t s
A p p l ic a t io n  t o  s o i l s . Boron may be a p p l ie d  to  the  s o i l  in  boron 
m a te r i a l s  t h a t  c o n ta in  v a ry in g  p e rc e n ta g e s  o f  boron . The most common 
sou rce  o f  boron f o r  a g r i c u l t u r a l  pu rp o ses  i s  b o ra x ,  Na2B^0 yIO H 2O, 
which in  pu re  form c o n ta in s  11.34 p e r  c e n t  boron . Sodium t e t r a b o r a t e ,  
^ 2 6 4 0 7 * 0 . 4 ^ 0 ,  c o n ta in in g  20 .5  p e r  cen t b o ro n ,  i s  a p u r i f i e d  so u rce  t h a t
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i s  h ig h ly  s o lu b le  in  w a te r  and i s  e s p e c i a l l y  s u i t a b l e  f o r  I n c o rp o ra t io n  
i n to  c a r r i e r s  o f  m ajor n u t r i e n t s  o r  fo r  a p p l i c a t i o n  in  w a te r  s o lu t i o n  as 
a sp ra y .
C o lem an ite ,  Ca2BgO^^*5H2 0 t I s  c o n s id e ra b ly  l e s s  s o lu b le  th a n  
borax  and h as  been found t o  be s u p e r i o r ,  p a r t i c u l a r l y  on l i g h t  sandy 
s o i l s .  Page and Paden (152) s t a t e d  t h a t  a f t e r  t h r e e  an n u a l a p p l i c a t i o n s  
o f  c o le m a n i te ,  s o i l  a n a ly s e s  showed t h a t  boron  d id  n o t  accum ula te  in  
th e  s o i l  s o lu t io n  from t h i s  sou rce  t o  any g r e a t e r  e x te n t  th a n  from 
e q u iv a le n t  r a t e s  o f  b o rax .
A g r i c u l t u r a l  f r i t s  a r e  a v a i l a b l e  which may c o n ta in  compounds o f 
boron and o th e r  t r a c e  e lem ents  (2 1 1 ) .  These m a te r i a l s  a r e  e s s e n t i a l l y  
g l a s s e s  in  which a r e  suspended compounds o f  th e  t r a c e  e le m e n ts .  The 
m ix tu re  i s  m elted  a t  a h ig h  te m p e ra tu re  and a llow ed  to  coo l and s h a t t e r .  
The g la s s  r e t a i n s  th e  n u t r i e n t  e lem ents  a g a in s t  f i x a t i o n  bu t a t  th e  
same time p e rm its  slow s o l u b i l i t y  o f  sm all  am ounts, th e  s o l u b i l i t y  and 
a v a i l a b i l i t y  to  p l a n t s  depending  on th e  s o f tn e s s  o f  th e  g l a s s  m ix tu re .  
Page (148) r e p o r te d  r e s u l t s  o f  ly s im e te r  ex p er im en ts  which showed t h a t  
over 75 p e r  c e n t  o f  th e  t o t a l  boron added in  f r i t  m a t e r i a l  was r e l e a s e d  
w i th in  a o n e -y ea r  p e r io d .  A ccording t o  H ig n e t t  ( 7 9 ) ,  sodium b o ra te  can 
be s u c c e s s f u l l y  in c o r p o ra te d  w ith  c o n c e n t ra te d  superp h o sp h a te  and 
ammonium n i t r a t e  a s  th e s e  m a t e r i a l s  a r e  m an u fac tu red . F u r th e r ,  he 
d e s c r ib e d  a p ro ced u re  whereby g r a n u la r  boron m a t e r i a l s  can be made to  
adh ere  to  e i t h e r  g r a n u la r  m a t e r i a l s  in  mixed f e r t i l i z e r  o r  in  bu lk  
b len d s  by th e  a d d i t i o n  o f m otor o i l  o r  d i e s e l  o i l  as th e  b in d e r .  I n  
rev iew in g  th e  e f f e c t i v e n e s s  of b o ro n a ted  f e r t i l i z e r s ,  M ortvedt (127) 
s t a t e d  t h a t  th e  w a t e r - s o l u b l l i t y  o f  boron in  borax  i s  a p p a re n t ly  n o t  
a f f e c t e d  by in c o r p o ra t io n  w i th  th e  m ajor n u t r i e n t  c a r r i e r s .  He s t a t e d
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t h a t  some problems had been en co u n te red  w ith  s e g re g a t io n  o f borax  when 
i t  was blended w i th  b u lk  f e r t i l i z e r s ,  bu t t h a t  c o a t in g  th e  boron source  
on g ra n u le s  o f  th e s e  m a te r ia l s  o r  in c o rp o ra t in g  th e  boron du r in g  the  
m anufac tu re  o f a m a t e r i a l  can p re v e n t  s e g re g a t io n .
The range  betw een a d e f i c i e n c y  c o n c e n t r a t io n  and a to x ic  concen­
t r a t i o n  o f  boron in  th e  s o i l  i s  narrcs*. The t o x i c  l im i t  o f  boron 
a p p l ie d  t o  c o t to n  has been shown t o  be about one pound o f  boron p e r  
a c re  in  sandy s o i l s  (1 6 1 , 178) and as  h igh  a s  seven pounds p e r  a c r e  in  
c la y  s o i l s  (1 9 6 ) .  I n ju r y  from boron a p p l ie d  w ith  f e r t i l i z e r  h as  been 
shown to  be minimized when th e  f e r t i l i z e r  was a p p l ie d  and a llow ed  t o  
s ta n d  u n t i l  a f t e r  a r a i n  b e fo re  seed  were p la n te d  (1 9 6 ) .
In  an experim ent by Maples (118) a banded a p p l i c a t i o n  o f  one 
pound per  a c r e  o f  boron in  the  seedbed a t  p l a n t in g  time was a p p a re n t ly  
so c o n c e n t ra te d  t h a t  c o t to n  s e e d l in g s  were damaged from boron t o x i c i t y .  
The a p p l i c a t i o n  o f  0 .5  pound p e r  a c r e  two inch es  t o  th e  s id e  o f  and two 
in ch es  deep er  th a n  the  seed caused no a p p a re n t  damage to  th e  s e e d l in g s .  
B ro ad cas t  a p p l i c a t i o n s  o f  0 .5  to  0 .7 5  pound of boron p e r  a c re  a re  
tho u g h t to  be adequa te  to  c o r r e c t  a  d e f i c i e n c y ,  b u t  up to  two and 
th r e e  pounds may be a p p l ie d  w i th o u t  a p p re c ia b le  danger  o f  t o x i c i t y  
(3 2 ,  106). The more c o a rse  th e  s o i l  t e x t u r e  th e  more the  hazard  o f 
boron t o x i c i t y  (1 6 1 ) .
Another e f f e c t i v e  and co n v en ien t  method i s  to  mix and app ly  
h ig h ly  s o lu b le  sodium t e t r a b o r a t e  w ith  p re-em ergence ch em ica ls .  T h is  
d i s t r i b u t e s  the  boron in  a 12 t o  16 -lnch  band w ith  th e  h e r b ic id e  on 
th e  p re p a re d  seedbed d u r in g  th e  p la n t in g  o p e r a t io n  (1 0 6 ) .  Spray 
a p p l i c a t i o n s  o f  boron  have been b ro a d c a s t  on th e  s o i l  by p la n e  by some 
fa rm ers  in  A rkansas .
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D ire c t  a p p l i c a t i o n  t o  p l a n t s . A p p l ic a t io n  o f  boron to  the 
f o l i a g e  o f  c o t to n  p l a n t s  has  been shown t o  be an e f f e c t i v e  method o f  
supp ly ing  th e  e lem en t.  In  experim en ts  in  M is s i s s i p p i  in  1961f 
combined a p p l i c a t i o n s  o f boron to  the  s o i l  and to  th e  f o l i a g e  r e s u l t e d  
in  s l i g h t l y  l a r g e r  y i e l d s  th a n  an a p p l i c a t i o n  t o  th e  s o i l  a lo n e  (1 0 6 ) .
K uykendall (104) r e p o r te d  t h a t  boron a p p l ie d  t o  a s o i l  in  th e  
C o a s ta l  P l a in s  in  M is s i s s i p p i  in c re a s e d  the  c o t to n  y i e l d  v e ry  l i t t l e  
w h ile  f o l i a r  a p p l i c a t i o n s  gave y i e l d  in c r e a s e s .  He s t a t e d  t h a t  boron 
a p p l ie d  to  th e  f o l i a g e  a t  th e  r a t e  o f  1 ,0  pound p e r  a c re  appeared  to  
be e x c e s s iv e  w h ile  0 .2 5  pound p e r  a c re  was d e f i n i t e l y  i n s u f f i c i e n t .  
F o l i a r  a p p l i c a t i o n  o f  boron has a l s o  in c re a se d  c o t to n  y i e l d s  in  
South C a ro l in a  (1 7 2 ) .
Success w ith  f o l i a r  a p p l i c a t i o n s  o f boron to  c o t to n  has been 
r e p o r te d  by a number o f R ussian  w orkers  ( 1 ,  208, 210, 240). A nother 
R ussian  w orker (49) r e p o r te d  th a t  f o l i a r  a p p l i c a t i o n  o f  b o r i c  a c id  in  
2 .7  to  3 .2  p e r  c e n t  s o lu t i o n s  was h a rm fu l  to  le av es  of th e  c o t to n  p l a n t ,  
bu t in  0 .3  to  1.7  p e r  cen t s o lu t io n s  i t  showed no harm fu l e f f e c t s .
Keogh e t  a l .  (97) compared th e  e f f e c t s  o f  d i f f e r e n t  methods o f  
a p p l i c a t i o n  and r e p o r te d  t h a t  no method was c o n s i s t e n t l y  s u p e r io r .
The methods compared in c lu d e d :  0 .3  pound o f boron p e r  a c re  in  th e
f e r t i l i z e r  and 0 .5  pound in  a 12 - in ch  band on th e  p rep a red  seedbed 
b e fo re  p l a n t i n g ;  0 ,8  pound a p p l ie d  weekly in  e i g h t  e q u a l  f o l i a r  a p p l i ­
c a t io n s  beg inn ing  June 28; 0 .8  pound a p p l ie d  to  th e  f o l i a g e  in  fo u r  
e q u a l  a p p l i c a t i o n s  on J u ly  3 and 18 and August 5 and 12; 0 .8  pound i n  
two e q u a l  f o l i a r  a p p l i c a t i o n s  on J u ly  10 and 26; 0 ,8  pound in  one f o l i a r  
a p p l i c a t i o n  on J u ly  18; and 1 .0  pound b ro a d c a s t  and plowed i n t o  the s o i l  
b e fo re  p l a n t i n g .  In  an experim ent on Grenada s i l t  loam th e  weekly
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f o l i a r  a p p l i c a t i o n  r e s u l t e d  in  a  s i g n i f i c a n t l y  h ig h e r  y i e l d  th a n  t h a t  
from o th e r  t r e a tm e n t s .  This r e s u l t  was a t t r i b u t e d  t o  a  se a so n - lo n g  
m o is tu re  s h o r ta g e  a t  t h i s  l o c a t i o n .  In  a n o th e r  experim en t on Hebert 
s i l t  loam, m o is tu re  c o n d i t io n s  were more f a v o r a b le ,  and th e r e  were no 
s i g n i f i c a n t  d i f f e r e n c e s  between th e  e f f e c t s  from th e  d i f f e r e n t  methods 
o f  a p p l i c a t i o n .  In  two o th e r  ex p e r im en ts  on Loring and Calloway s i l t  
loam s, boron b ro a d c a s t  over  th e  e n t i r e  s o i l  a r e a  and plowed in to  the 
s o i l  gave r e s u l t s  somewhat s u p e r io r  to  o th e r  t r e a tm e n ts .  The b e t t e r  
e f f e c t s  from the  b ro a d c a s t  a p p l i c a t i o n  were a t t r i b u t e d  to  low r a i n f a l l  
e a r ly  in  the  growing seaso n  which gave an advan tage  to  the  boron t h a t  
had been worked in to  th e  s o i l .  F o l i a r  a p p l i c a t i o n s  g e n e r a l l y  r e s u l t e d  
in  more e r r a t i c  re sp o n se s  th an  s o i l  a p p l i c a t i o n s .
F o l i a r  a p p l i c a t i o n s  o f  boron can a l s o  be e f f e c t i v e l y  made by 
mixing h ig h ly  s o lu b le  so u rc e s  o f  boron w i th  l i q u id  i n s e c t i c i d e s  when 
th e y  a re  to  be a p p l ie d  (1 0 6 ) .
T reatm ent of c o t to n  seed  w ith  b o ro n . Success w ith  t re a tm e n t  
o f  c o t to n  seed w ith  boron b e fo re  p la n t in g  has been r e p o r te d  from R u ss ia .  
Novikov and Sadovskja  (138) r e p o r te d  t h a t  soak ing  c o t to n  seed  48 hours  
in  0 .4  p e r  cen t b o r ic  a c id  s o lu t i o n  b e fo re  p la n t in g  r e s u l t e d  in  In c reased  
growth and y i e l d  o f c o t to n .  I n c re a s e d  c o t to n  y i e l d s  from soak ing  c o t to n  
seed  in  s o lu t i o n s  o f boron (240) and in  s o lu t i o n s  o f  boron w i th  c e r t a i n  
t r a c e  e lem en ts  (5 3 ,  54) were r e p o r te d  by o th e r  R u ss ian  w o rk e rs .  One 
r e p o r t  (54) c a u t io n e d  t h a t  soak ing  c o t to n  seed in  a  s o l u t i o n  o f  0 .5  
p e r  cen t t r a c e  e lem ents  i n h i b i t e d  p r o t e i n  h y d r o ly s i s .
EXPERIMENTAL METHODS AND MATERIALS
F i e l d  Experim ents
Two f i e l d  exper im en ts  w i th  c o t to n  were conducted  on two 
d i f f e r e n t  s i t e s  in  1963. A h i s t o r y  o f  th e  known cro p p in g  on th e  
f i e l d  and o f  th e  s o i l  t r e a tm e n ts  a p p l ie d  t o  th e  Beulah sandy loam 
s i t e  a r e  p r e s e n te d  in  th e  fo l lo w in g  t a b l e :
H is to r y  o f  cropp ing  and s o i l  t r e a tm e n ts  on th e  Beulah sandy loam 
e x p e r im e n ta l  s i t e ,  Jack so n  C ounty , A rkansas .
Year Crop
Approximate 
y i e l d  p e r  a c re
S o i l  t r e a tm e n ts  p e r  a c re
Limestone F e r t i l i z e r
1952 No re c o rd No re c o rd 2-3 to n s  
c a l c i t i c  
l im esto n e
No re c o rd
1953-57 No re c o rd No re c o rd None No re c o rd
1958-59 Soybeans No re c o rd None No re c o rd
1960 C o tto n 450 l b s .  l i n t 2 .5  to n s  
c a l c i t i c  
l im e s to n e
300 l b s .  13-13-13
1961 Soybeans 35 b u s h e ls None None
1961-62 Wheat 40 b u sh e ls None 240 l b s .  ammonium 
n i t r a t e
1963 Soybeans 35 b u sh e ls None None
During J u l y ,  1962, in  a  f i e l d  o f  c o t to n  a d ja c e n t  to  th e  Beulah 
sandy loam l o c a t i o n ,  sq u a re s  were observed  w i th  ru p tu re d  n e c t a r i e s  from 
which ex tru d e d  a w h ite  to  brow nish e x u d a te .  B eginn ing  on J u ly  31 ,
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p l a n t s  on an a c re  o f  t h i s  a f f e c t e d  a r e a  were t r e a t e d  w ith  t h r e e  su c c e s ­
s iv e  w eekly  f o l i a r  a p p l i c a t i o n s  o f  0 .1  pound o f boron p e r  a c r e .  The 
farm  o p e ra to r  r e p o r te d  t h a t  th e  y i e l d  on th e  t r e a t e d  a c re  was 1230 pounds 
o f  seed c o t to n  as compared w ith  966 pounds on an a d ja c e n t  a c r e .
A h i s t o r y  o f  th e  known cropp ing  and s o i l  t r e a tm e n ts  a p p l ie d  to  
th e  Grenada-Calloway s i l t  loam s i t e  i s  p r e s e n te d  in  t h e  fo llo w in g  t a b l e :
H is to r y  o f  c ropp ing  and s o i l  t r e a tm e n ts  on th e  Grenada-Callow ay 
s i l t  loam e x p e r im e n ta l  s i t e .  P r a i r i e  C ounty . A rkansas .
Year Crop
Approximate 
y i e l d  p e r  a c re
S o i l  t r e a tm e n ts  p e r  a c r e
Lim estone F e r t i l i z e r
1949 C otton 400 lb s .  l i n t None No re c o rd




No re c o rd None No re co rd
1960-61 Soybeans 20  b u sh e ls None 100 lb s .  0 -24-24
1962 C otton 170 l b s .  l i n t 3 to n s
c a l c i t i c
l im es to n e
540 lb s .  12-12-12
C otton  p l a n t s  growing on th e  G renada-Callow ay s i l t  loam e x p e r im e n ta l  
s i t e  in  A ugust.  1962 were observed  t o  have i r r e g u l a r l y - l o b e d .  s e r r a t e d  
and m isshapen le av es  s im i l a r  t o  th o se  shown in  pho tog raphs  by H o lley  
and D u lin  (8 2 ) .  Numerous sq u a re s  w i th  ru p tu r e d  n e c t a r i e s  and p ro fu se  
shedding  o f  th e  f r u i t  had been observed  e a r l i e r  in  t h i s  f i e l d ,  acco rd in g  
t o  th e  farm owner. The a r e a  had r e c e iv e d  f e r t i l i z e r  and lime as  recom­
mended on th e  b a s i s  o f  a  s o i l  t e s t ,  and t h e r e  was no known f a c t o r  o th e r  
th a n  th e  su sp e c te d  boron d e f i c i e n c y  to  s e r i o u s l y  l i m i t  th e  y i e l d .  The
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h a rv e s te d  y i e l d  on t h i s  s i t e  was ap p ro x im a te ly  o n e - th i r d  b a le  p e r  a c r e .
S o i l  samples were taken  from th e  two e x p e r im e n ta l  s i t e s  in  
March, 1963. th e  chem ical p r o p e r t i e s  o f  th e  s o i l s  a r e  shown by d a ta  
in  th e  t a b le  on page 58 . At th e  Beulah sandy loam e x p e r im e n ta l  s i t e ,  
both  th e  t o p s o l l  and s u b s o i l  showed a  pH o f  7 .3 ,  o b v io u s ly  as a  r e s u l t  
o f  th e  r e l a t i v e l y  heavy a p p l i c a t i o n  o f  two to  th r e e  tons  o f l im e s to n e  
in  1952 and a g a in  in  1960. At th e  Grenada-Calloway s i l t  loam l o c a t i o n ,  
the  pH was 6 .7  in  th e  t o p s o l l  and 4 .3  in  th e  s u b s o i l .  The o rg a n ic  
m a t te r  in  th e  Beulah sandy loam t o p s o l l  was 0 .5  per c e n t .  In th e  
Grenada-Calloway s i l t  loam t o p s o l l  th e  o rg a n ic  m a t te r  was 1 .0  p e r  c e n t .  
The h o t  w a te r - s o lu b le  boron c o n c e n t r a t io n  in  th e  t o p s o l l  was 0 .1 8  ppm. 
fo r  the  Beulah sandy loam and 0 .45  ppm. fo r  th e  Grenada-Calloway s i l t  
loam. The s o i l  pH and th e  o rg a n ic  m a t te r  c o n te n t  o f  th e  s o i l s  were 
conducive  to  a low supply  o f  a v a i l a b l e  boron.
S ince th e  observed  p l a n t  a b n o rm a l i t i e s  and th e  s o i l  t e s t  r e s u l t s
in d ic a te d  t h a t  r e sp o n se  to  a p p l ie d  boron m ight be o b ta in e d  on th e  s o i l s  
a t  th e se  s i t e s ,  a f a c t o r i a l  f i e l d  experim en t was e s t a b l i s h e d  on each o f 
th e  two s i t e s .  The e x p e r im e n ta l  t r e a tm e n ts  c o n s i s t e d  o f  0, 60 and 90 
pounds o f  n i t r o g e n ,  0 and 60 pounds o f  K2O, and 0 and 1 .9  pounds o f  boron 
per a c r e .  The t r e a tm e n ts  a p p l ie d  to  p l o t s  were a r ra n g e d  in  a random ized 
com plete b lo ck  d e s ig n  which p e rm it te d  f a c t o r i a l  a n a l y s i s .  Each t r e a t ­
ment was r e p l i c a t e d  s i x  t im es  in  p l o t s  c o n s i s t i n g  o f  fo u r  rows 60 f e e t  
lo n g . Phosphorus was a p p l ie d  u n ifo rm ly  as  45 p e r  c e n t  superphospha te
on a l l  p l o t s  a t  th e  r a t e  o f  40 pounds o f  P2O5 pe r  a c r e  on th e  Beulah
sandy loam s i t e  and a t  60 pounds on th e  Grenada-Calloway s i l t  loam. 
N itro g en  was su p p l ie d  as  anmonlum n i t r a t e .  The so u rce  o f  po tass iu m  was 
m u r ia te  o f  p o ta sh .  Boron was s u p p l ie d  as th e  h ig h ly  w a te r - s o lu b le
Chemical p r o p e r t i e s  o f th e  s o i l  a t  th e  two ex p er im en ta l  s i t e s
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sodium t e t r a b o r a t e ,  Na2B4 0 7 *0 . 4H2 0 , c o n ta in in g  20 .5  p e r  c e n t  boron .
The n i t r o g e n ,  phosphorus and p o ta ss iu m  f e r t i l i z e r s  were weighed 
and bagged s e p a r a t e ly  fo r  each p l o t .  A t ra c to r -m o u n te d  f e r t i l i z e r  
a p p l i c a t o r  developed  e s p e c i a l l y  fo r  f i e l d  p l o t  r e s e a r c h  was used  t o  
p la c e  the  f e r t i l i z e r  two t o  t h r e e  in ch es  t o  th e  s id e  o f  th e  seed d r i l l  
and ap p ro x im a te ly  s ix  in ch es  below th e  s o i l  s u r f a c e .  In  th e  Beulah 
sandy loam ex p e r im e n t ,  th e  f e r t i l i z e r  was a p p l ie d  d u r in g  th e  p l a n t in g  
o p e r a t io n .  At th e  G renada-Callow ay s i l t  loam s i t e  the  f e r t i l i z e r  was 
a p p l ie d  in  th e  p re p a re d  seedbed a p p ro x im a te ly  one week b e fo re  th e  seed 
were p la n te d .
In  th e  experim en t on Beulah sandy loam, 1.3 pounds o f boron p e r  
a c r e  was a p p l ie d  to  th e  s o i l  by sp ra y in g  a s o lu t i o n  o f  sodium t e t r a ­
b o r a te  in  a 1 4 - inch  band on th e  s u r f a c e  o f  th e  seedbed im m ediate ly  
a f t e r  the  seed were p l a n t e d .  T h is  was a c c o n p l ish e d  w i th  a fo u r-ro w  
s p ra y e r  mounted on a farm t r a c t o r .  In  th e  experim en t on G renada- 
Calloway s i l t  loam, 1 .0  pound o f  boron p e r  a c re  was a p p l ie d  in  th e  same 
manner im m ediate ly  b e fo re  th e  p l a n t i n g  o p e r a t i o n ,  in  a d d i t i o n  t o  the  
a p p l i c a t i o n  o f  0 .3  pound o f  boron which was a p p l ie d  in  th e  phosphorus 
f e r t i l i z e r .  A f te r  c o n s id e r in g  th e  f i n e r  t e x t u r e  and th e  s low er perme­
a b i l i t y  o f  th e  G renada-Callow ay s i l t  loam s o i l ,  i t  was dec id ed  to  
ap p ly  p a r t  o f  th e  boron  below th e  s o i l  s u r f a c e  w i th  th e  phosphorus 
f e r t i l i z e r  in  an a t te m p t  t o  in s u r e  th e  p re se n c e  o f  a p p l ie d  boron in  th e  
ro o t  zone in  th e  even t t h a t  d u r in g  th e  s e e d l in g  s ta g e  r a i n f a l l  was 
i n s u f f i c i e n t  t o  move the  s u r f a c e - a p p l i e d  boron in to  th e  s o i l .
Seed o f  th e  Rex v a r i e t y  o f  c o t to n  were p la n te d  on May 4 and 
May 11 a t  the  Beulah and G renada-Callow ay s i t e s ,  r e s p e c t i v e l y .  
A pproxim ate ly  one month a f t e r  p l a n t i n g ,  a l l e y s  were e s t a b l i s h e d  between
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each r e p l i c a t e  by removing th e  p l a n t s  from th r e e  l i n e a r  f e e t  o f  each 
row. Each p lo t  was i d e n t i f i e d  w i th  a numbered s t a k e .  Then th e  s o i l  in  
each p lo t  was sampled by t a k in g  10 c o re s  to  a  d ep th  o f  f iv e  o r s ix  
in ch es  from th e  m iddle  o f  th e  two c e n te r  ro w s .
On August 2, 9 and 12 a d d i t i o n a l  boron  in  th e  amounts o f  0 .2 5 ,  
0 .1 5  and 0 .2 0  pound per  a c r e ,  r e s p e c t i v e l y ,  was a p p l ie d  by f o l i a r  sp ray  
to  th e  p l a n t s  in  th e  two c e n te r  rows o f  th e  p l o t s  where boron had been 
a p p l ie d  to  the  s o i l  a t  each  s i t e .
P la n t  t i s s u e  samples w ere c o l l e c t e d  a t  th e  s e e d l in g ,  e a r ly  
s q u a re ,  f i r s t  bloom, e a r l y  b o l l  and medium b o l l  s t a g e s .  The t i s s u e  
samples were taken  from th e  two c e n te r  rows o f  each p l o t  a t  bo th  
l o c a t i o n s .  At th e  fou r  to  s i x - l e a f  s ta g e  24 s e e d l in g s  were c o l l e c t e d  
a t  random, 12 from each o f  the  two c e n te r  row s. S e e d l in g  samples were 
c o l l e c t e d  f i r s t  from th e  p l o t s  which d id  n o t  r e c e iv e  boron in  an 
a t te m p t  to  avo id  c o n ta m in a t io n  from boron in  th e  s o i l .  A f te r  each p lo t  
was sam pled, th e  s e e d l in g s  were d ipped  tw ice  in  d i s t i l l e d  w a te r  in  a 
p o ly e th y le n e  c o n ta in e r  to  remove any s o i l  p a r t i c l e s  t h a t  were p r e s e n t .
The f i r s t  l e a f  samples were tak en  on June  22 a t  th e  Beulah sandy 
loam s i t e  and on June  28 a t  th e  Grenada-Calloway s i l t  loam lo c a t i o n .
The second s e t  o f  l e a f  samples was tak en  on J u ly  11 from th e  Beulah s i t e  
and on J u ly  13 from th e  G renada-Callow ay s i t e .  At b o th  s i t e s  th e  two 
e t h e r  l e a f  samples were taken  on J u ly  26 and August 9 .  F i f t y  o f  th e  
youn g es t  f u l l - s i z e  l e a v e s ,  u s u a l ly  th e  f o u r th  l e a f  from th e  to p ,  were 
c o l l e c t e d  a t  random from th e  two c e n te r  rows o f  each  p l o t .  Both th e  
l e a f  p e t i o l e s  and th e  l e a f  b la d e s  were c o l l e c t e d  a t  th e  Beulah s i t e  in  
o rd e r  to  s tudy  bo th  t i s s u e s .
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S in ce  th e  f i r s t  f o l i a r  a p p l i c a t i o n  was made between th e  e a r ly  
b o l l  and medium b o l l  s t a g e s ,  th e  l e a f  b la d e s  a t  th e  l a t t e r  s ta g e  were 
d i s c a rd e d .  Only th e  p e t i o l e s  a t  the  Grenada-Calloway s i t e  were 
r e t a i n e d  fo r  a n a l y s i s .  The p e t i o l e s  were r in s e d  in  d i s t i l l e d  w a te r ,  
p laced  im m ediate ly  i n t o  p e r f o r a t e d  p o ly e th y le n e  bags and a i r  d r i e d .
Exam ination  o f  th e  l e a f  p e t i o l e s  c o l l e c t e d  a t  th e  f i r s t  bloom 
s ta g e  in  b o th  ex p er im en ts  r e v e a le d  the  ap p earance  o f  dark  g reen  
c o n c e n t r ic  r in g s  on th e  ep id e rm is  as compared w i th  th e  g e n e ra l  l i g h t e r  
g reen  c o l o r . This  c o n d i t io n  was termed "banded p e t i o l e "  and r e p o r te d  
as  a boron d e f i c i e n c y  symptom in  c o t to n  by L a n c a s te r  e t  a l .  (106) and 
Maples (1 1 8 ) .  These r in g s  o c c u r re d  a t  i r r e g u l a r  I n t e r v a l s ,  and th e  
number v a r i e d  from one to  20 on a  s in g l e  p e t i o l e .  In  o rd e r  to  r e l a t e  
th e  t r e a tm e n ts  to  t h i s  c o n d i t io n ,  co u n ts  were made, b eg in n in g  a t  the  
e a r ly  bloom s ta g e ,  o f  th e  number o f  the  50 p e t i o l e s  c o l l e c t e d  which 
showed one o r  more o f  th e  c o n c e n t r i c  r i n g s .  The co u n ts  were co n v er ted  
to  per c e n t  and th e  r e s u l t s  re c o rd e d  as the  per  c e n t  p e t i o l e s  e x h i b i t ­
ing  c o n c e n t r ic  r i n g s .
The c o t to n  on th e  two c e n te r  rows o f  each p l o t  was handplcked 
tw ice  a t  each lo c a t i o n .  The r e s u l t s  were co n v e r ted  to  pounds o f  seed 
c o t to n  per  a c re  and re c o rd e d  as  th e  y i e l d  a t  f i r s t  h a r v e s t  and th e  
t o t a l  y i e l d .
A n a ly t i c a l  P rocedures
S o i l  a n a l y s e s . S u r fa c e  s o i l  samples from th e  two e x p e r im e n ta l  
s i t e s  were sc reen ed  th rough  a 20-mesh s ie v e  and an a ly zed  fo r  pH, 
o rg a n ic  m a t t e r ,  exchangeab le  ca lc iu m , p o tass iu m , magnesium and sodium, 
a v a i l a b l e  phosphorus , n i t r a t e  n i t r o g e n ,  c a t io n  exchange c a p a c i ty  and
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hot w a t e r - s o l u b l e  bo ron .
The s o i l  pH was d e te rm in e d  w i th  a Beckman pH m e te r  u s in g  a 1 :1  
s o i l i w a t e r  su sp e n s io n  t h a t  had b een  s t i r r e d  and a llow ed  t o  s ta n d  20  
m in u te s .
Per c e n t  o rg a n ic  m a t te r  In  th e  s o i l  sam ples was a n a ly s e d  by th e  
method d e s c r ib e d  by S c h o l le n b e rg e r  (177) and m o d if ied  by W alkley and 
B lack  (223) and Graham ( 6 9 ) .
Exchangeable  c a lc iu m ,  p o ta s s iu m  and sodium  were d e te rm in e d  by 
e x t r a c t i n g  3 grams o f  s o i l  w i th  15 m l. o f  1 N ammonium a c e t a t e  
b u f fe r e d  t o  pH 7 .0  w i th  aranonium h y d ro x id e .  The su sp e n s io n  was shaken 
f o r  f i v e  m in u te s ,  f i l t e r e d  im m ed ia te ly  and an a l i q u o t  ta k e n  fo r  th e  
d e te r m in a t io n  o f  each  e le m e n t .  C alc ium , p o ta s s iu m  and sodium were 
d e te rm in e d  w i th  a Beckman DU flame p h o to m e te r .  Magnesium was d e te rm in ed  
c o l o r i m e t r i c a l l y  by th e  t h i a z o l e  y e l lo w  method ( 2 9 ) .
A v a i la b le  phosphorus was e x t r a c t e d  w i th  Bray number 1 s o lu t i o n  
c o n s i s t i n g  o f 0 .0 3  N ammonium f l u o r i d e  in  0 ,0 2 5  N h y d r o c h lo r i c  a c id  by 
shak ing  f o r  40 seconds a 1 :10 s o i l ; s o l u t i o n  s u sp e n s io n .  C o lo r  I n t e n s i t y  
was m easured w i th  a Bausch and Lomb S p e c t r o n ic  20 sp e c t ro p h o to m e te r  
u s in g  a red  f i l t e r  and a wave le n g th  s e t t i n g  o f  675,
N i t r a t e  n i t r o g e n  c o n c e n t r a t i o n  in  the  s o i l  was d e te rm in e d  by 
th e  B ru c in e  method ( 5 9 ) .
E xchangeable  hydrogen  and th e  c a t i o n  exchange c a p a c i ty  o f  th e  
s o i l  was d e te rm in e d  by th e  barium  c h l o r ld e - t r i e t h a n o l a m in e  method as 
d e s c r ib e d  by M ehlich  (122) and Peech e t  a l ,  ( 1 5 8 ) ,  Ten grams o f  s o i l  
i n  a  f l a s k  was s a t u r a t e d  w ith  a s o l u t i o n  o f b a r iu m  c h lo r id e  and 
t r i e th a n o la m in e  b u f f e r e d  a t  a  pH of 8 .1 .  The s o i l  was th e n  leach ed  
w i th  a barium  c h lo r id e  s o lu t i o n  b u f f e r e d  w i th  th e  b u f f e r e d  s o l u t i o n .
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Using brom c r e s o l  g reen  a s  an I n d i c a t o r ,  th e  l e a c h a te  was t i t r a t e d  
w ith  0 .100  N h y d ro c h lo r ic  a c id  to  a v i o l e t  t o  p in k  end p o i n t .  The 
d i f f e r e n c e  between the t i t r a t i o n  o f the  le a c h a te  and t h a t  o f  a b lank  
s o lu t i o n  was used as a measure o f  th e  exchange a c i d i t y .
The b a r iu m -s a tu ra te d  s o i l  used in  d e te rm in in g  exchangeab le  
hydrogen was used to  d e te rm in e  th e  c a t io n  exchange c a p a c i ty .  The s o i l  
was washed w ith  d i s t i l l e d  w a te r ,  and the  adsorbed  barium  was r e p la c e d  
by 1 each ing  the  s o i l  w i th  ca lc ium  c h lo r id e  s o lu t i o n .  The ca lc ium  
c h lo r id e  le a c h a te  was b rought to  volume, a 10 ml. a l i q u o t  was taken  
and 1 ml. o f  p o tass iu m  chromate s o lu t i o n  was added. The s o lu t i o n  was 
ev ap o ra ted  on a w a te r  b a th  a f t e r  which th e  p r e c i p i t a t e  was d is s o lv e d  
in  d i l u t e  h y d ro c h lo r ic  a c i d .  L igh t t r a n s m is s io n  was measured on a 
Beckman 0U sp ec tro p h o to m e te r  a t  a wave le n g th  s e t t i n g  o f  425. The 
c a t io n  exchange c a p a c i ty  was reco rd ed  as m i l l i - e q u i v a l e n t s  p e r  100 
grams of s o i l .
Hot w a te r - s o lu b le  boron in  the  s o i l  samples was an a ly zed  by th e  
curcumln method as o u t l in e d  by D ib le  e t  a l .  (4 6 ) .  Ten grams o f  a i r - d r y  
s o i l  was weighed in to  a 125 ml. b o ro n - f re e  f l a s k ,  and 20 ml. o f  
d i s t i l l e d  w a te r  was added. The f l a s k  was connected  to  a r e f lu x  
cond en so r,  and th e  su sp en s io n  was b o i le d  f o r  f iv e  m in u te s .  The f l a s k  
was th e n  d is c o n n e c te d ,  0 .0 2  gram of ca lc ium  c h lo r id e  d ih y d ra te  was added , 
and th e  c o n te n ts  were t r a n s f e r r e d  t o  a p o ly e th y le n e  tu b e  in  which th e  
su sp en s io n  was c e n t r i f u g e d  to  o b ta in  a c l e a r  e x t r a c t .  One ml, o f  th e  
e x t r a c t  was p laced  in  a 250 ml. b o ro n - f r e e  b e a k e r ,  and t o  t h i s  was 
added 4 ml. o f  c u rc u m in -o x a l ic  a c id  s o lu t i o n  which was f r e s h l y  p re p a re d  
d a i l y .  The c o n te n ts  of the  beaker  were mixed by r o t a t i n g  th e  b e a k e r .
The m ix tu re  was ev ap o ra ted  on a w a te r  b a th  a t  55° C fo r  ap p ro x im a te ly
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30 m inu tes  a f t e r  i t  reach ed  d ry n e s s ,  a f t e r  which the  r e a c t i o n  p ro d u c ts  
were allow ed  to  coo l to  room te m p e ra tu re .  Then 20 m l. o f  95 p e r  c e n t  
e th y l  a lc o h o l  was added, th e  b eak er  was t r i t u r a t e d  and th e  c o n te n ts  were 
f i l t e r e d  th rough  Whatman number 12 f i l t e r  p a p e r .  The c o lo r  was re a d  on 
a Beckman DU sp e c tro p h o to m e te r  a t  a wave le n g th  s e t t i n g  o f  540.
P la n t  a n a l y s e s . The p l a n t  samples were a i r  d r i e d ,  ground to  
pass  a 60-mesh s c re e n  in  a sm all  Wiley m i l l  and s to r e d  in  a m b er-co lo red ,  
two-ounce, sc rew -cap  b o t t l e s .  B efo re  samples fo r  each o f  th e  a n a ly s e s  
were weighed from the  b o t t l e s ,  th e  caps were removed and th e  c o n te n ts  
were d r ie d  In  an e l e c t r i c  oven o v e rn ig h t  a t  65° C and th en  co o led  i n  a 
d e s s i c a t o r .  The samples were an a ly zed  f o r  t o t a l  c o n c e n t r a t io n s  o f  
o rg a n ic  n i t r o g e n ,  n i t r a t e  n i t r o g e n ,  ca lc ium , po tass iu m  and boron .
O rgan ic  n i t r o g e n  in  th e  t i s s u e  was d e te rm in ed  by th e  m o d if ied  
K je ld a h l  method fo r  t o t a l  n i t r o g e n ,  e x c lu d in g  n i t r a t e s ,  as  d e s c r ib e d  
by Jackson  (8 4 ) .
N i t r a t e  n i t r o g e n  in  th e  p l a n t  sam ples was an a ly zed  by th e  method 
o u t l in e d  by Johnson and U l r ic h  ( 8 6 ) ,  u s in g  s i l v e r  s u l f a t e  s o lu t i o n  as  
the  e x t r a c t a n t  to  e l im in a te  c h l o r id e s .  I n s te a d  o f  ca lc ium  s u l f a t e  a s  
s p e c i f i e d ,  ap p ro x im a te ly  1 gram o f  carbon b la c k  was used to  c l e a r  th e  
su sp en s io n  b e fo re  th e  samples were c e n t r i f u g e d .  O therw ise ,  th e  p rocedure  
was fo llow ed  as  o u t l i n e d .  The c o lo r  i n t e n s i t y  was de te rm ined  w ith  a 
Model B Beckman sp e c tro p h o to m e te r  a t  a wave le n g th  s e t t i n g  o f  425.
The c o n c e n t r a t io n s  o f  ca lc iu m  and p o tass iu m  in  th e  p l a n t  t i s s u e  
were de te rm ined  by th e  method o u t l in e d  fo r  ca lc iu m  d e te rm in a t io n  by 
Heckman (7 8 ) .  The p la n t  m a t e r i a l  was ashed o v e rn ig h t  in  a  m u ff le  f u r ­
nace  a t  480° C as  p r e s c r ib e d  by Chapman and P r a t t  (29) to  a l low  
d e te rm in a t io n  o f  po tass ium  a long  w ith  t h a t  o f  ca lc iu m . Calcium
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c o n c e n t r a t io n  on th e  f i n a l  e x t r a c t  was de te rm ined  w i th  a  Beckman DU 
flame photom eter a t  a wave le n g th  s e t t i n g  o f  422 .7  f o r  ca lc ium  and 768 
fo r  p o ta ss iu m .
The p l a n t  t i s s u e  samples were an a ly zed  fo r  t o t a l  boron by the 
method o u t l in e d  by D ib le  e t  a l .  ( 4 6 ) .  D u p l ic a te  0 .500  gram samples 
were weighed in to  p o r c e l a in  c r u c i b l e s ,  and th e s e  were ashed over  an 
open flame t o  a w h ite  o r  g ray  c o lo r .  R e s u l t s  o f  d u p l i c a t e  a n a ly s e s  on 
12 o f  th e  samples as de te rm ined  by a sh in g  in  a m u ff le  fu rn a c e  showed 
s a t i s f a c t o r y  agreement w ith  th o se  o b ta in e d  by a sh in g  over th e  open 
f lam e. The ash was d i s s o lv e d  in  10 ml. o f  0 .1  N h y d ro c h lo r ic  a c i d ,  
and 1 ml, o f  th e  s o l u t i o n  was t r a n s f e r r e d  to  a b o r o n - f re e  g l a s s  b e a k e r .  
Four ml. o f  cu rc u m in -o x a lic  a c id  s o lu t i o n  was added , and the  c o n te n ts  
o f  the  b eak er  were mixed by r o t a t i o n .  The m ix tu re  was ev ap o ra ted  on a 
w a te r  b a th  a t  55° C and h e a te d  fo r  30 m inutes  a f t e r  i t  reach ed  d ry n e s s .  
The r e s id u e  was cooled  to  room te m p e ra tu re ,  and 25 ml. o f  95 p e r  cen t  
e t h y l  a lc o h o l  was added. The beak er  was t r i t u r a t e d  w i th  a rubber  
po licem an p r e v io u s ly  r in s e d  in  0 .1  N h y d r o c h lo r ic  a c id  in  double 
d i s t i l l e d  w a te r .  The c o n te n ts  were th e n  f i l t e r e d  th ro u g h  Whatman 
number 2 f i l t e r  p aper  in to  matched o n e - h a l f  by f o u r - in c h  t e s t  tu b e s .
The c o lo r  i n t e n s i t y  was read  im m edia te ly  on a Bausch and Lomb 
S p e c t ro n lc  20 c o lo r im e te r  a t  a wave le n g th  s e t t i n g  of 540 u s in g  a 5581 
pho to  tube  w i th  no f i l t e r .  Where t r a n s m i t t a n c e  was l e s s  th an  2 5 , th e  
c o lo r  i n t e n s i t y  was read  a g a in  a t  a wave le n g th  s e t t i n g  o f 600. 
T ra n sm it ta n c e  was p l o t t e d  a g a in s t  s ta n d a rd  boron s o lu t io n s  which were 
c a r r i e d  th rough  th e  same p ro ced u re  as  th e  unknowns. A b la n k  d e te rm in a ­
t i o n  was in c lu d ed  w i th  each  s e t  of fo u r  d e te rm in a t io n s  o f  unknowns.
The b la n k  was used to  s e t  t r a n s m i t t a n c e  a t  100.
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S t a t i s t i c a l  a n a l y s e s . The s t a t i s t i c a l  methods u sed  were 
d e s c r ib e d  by Snedecor (1 9 8 ) .  An a n a l y s i s  o f  v a r i a n c e  was computed 
on th e  y i e l d  d a t a ,  on th e  r e s u l t s  o f  th e  ch em ica l a n a ly s e s  o f  th e  
c o t to n  p l a n t  t i s s u e ,  and on th e  p e rc e n ta g e  o f  t h e  l e a f  p e t i o l e s  t h a t  
e x h ib i t e d  a b n o r m a l i t i e s  a t  c e r t a i n  s ta g e s  o f  m a tu r i ty  t o  d e te rm in e  
th e  s i g n i f i c a n c e  o f  th e  re sp o n se  due t o  th e  a p p l ie d  n u t r i e n t  e le m e n ts .  
S t a t i s t i c a l  c o r r e l a t i o n s  were a l s o  made t o  e v a lu a t e  th e  r e l a t i o n s h i p s  
between th e  n u t r i e n t  c o n te n t s  and th e  o c c u r re n c e  o f  r in g e d  p e t i o l e s .
EXPERIMENTAL RESULTS AND DISCUSSION
Data showing the  r e s u l t s  from the  experim ent on Beulah sandy 
loam a re  g iv e n  in  T ab le s  1-32.
Data in  Table I show th e  e f f e c t s  o f  th e  t r e a tm e n ts  on th e  y i e l d  
a t  f i r s t  h a r v e s t  and on the  t o t a l  y i e l d  o f seed  c o t to n  on Beulah sandy 
loam.
Table  1. E f f e c t s  of the  a p p l i c a t i o n s  of n i t r o g e n ,  p o tass iu m  and boron 
on th e  y i e l d  a t  f i r s t  h a r v e s t  and th e  t o t a l  y i e ld  o f  seed c o t to n  on 
Beulah sandy loam, Jack so n  C ounty , A rk an sas ,  1963.
Treatm ent Lbs. o f  seed c o t to n  per  a c re
lb s .  per a c re Y ie ld  a t T o ta l
N P2°5 k2o B f i r s t  h a rv e s t y i e l d
0 40 0 0 946 1346
0 40 0 1.9 956 1382
0 40 60 0 981 1305
0 40 60 1.9 1003 1370
60 40 0 0 1023 1315
60 40 0 1.9 1299 1676
60 40 60 0 1125 1548
60 40 60 1.9 1313 1739
90 40 0 0 954 1321
90 40 0 1.9 1242 1609
90 40 60 0 944 1317
90 40 60 1.9 1246 1828
The F t e s t s w i th the  d e s ig n a te d le v e l s  of s ig n i f i c a n c e  fo r  the
d a ta  ;Ln Table 1 a r e  p re se n te d  in  Table 2. There was a h ig h ly  s i g n l f i c a i
i n t e r a c t i o n  between a p p l ie d  n i t r o g e n  and a p p l ie d  boron on bo th  th e  y i e l d  
a t  f i r s t  h a r v e s t  and th e  t o t a l  y i e l d .
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Table  2. F t e s t s  w ith  d e s ig n a te d  le v e l s  o f  s ig n i f i c a n c e  f o r  th e  d a ta  
in  Table 1.
F t e s t  and l e v e l  o f  s ig n i f i c a n c e
Source o f  v a r i a t i o n Y ie ld  a t  
f i r s t  h a r v e s t T o ta l  y i e l d
Blocks 9.857** 8.604**
N 11.129** 7.394**
k2o .77.1 2 .468
B 22.720** 24.841**
N x K20 .231 1.181
N x B 4.968* 4 .434*
K20 x B .77 .081
N x K20 x B .199 1.362
* S i g n i f l e a n t  a t  .05 l e v e l  o f  p r o b a b i l i t y .  
^ S i g n i f i c a n t  a t  .01  l e v e l  o f  p r o b a b i l i t y .
Data in  Table  3 show t h a t  when no n i t r o g e n  was a p p l i e d ,  th e  
a p p l i c a t i o n  o f boron had no s i g n i f i c a n t  e f f e c t  on the  y i e l d  a t  f i r s t  
h a r v e s t .  When 60 and 90 pounds o f  n i t r o g e n  were a p p l i e d ,  h ig h ly  
s i g n i f i c a n t  in c r e a s e s  amounting to  232 and 296 pounds o f  seed c o t to n  p e r
Table 3. E f f e c t s  o f  a p p l i c a t i o n s  
a t  f i r s t  h a r v e s t .
o f  n i t r o g e n  and boron on th e  y i e l d
Boron t re a tm e n t  
lb s .  p e r  a c r e
N i t ro g e n ,  l b s .  p e r  a c re a p p l ie d
0 60 90
Lbs. seed c o t to n  p e r a c re
0 964 1072 948
1.9 979 1306 1244
L.S .D . a t  .0 5  l e v e l  132, a t  .01  l e v e l  175.
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a c r e ,  r e s p e c t i v e l y ,  were produced a t  th e  f i r s t  h a r v e s t  when boron was 
a p p l i e d .  W ithout a p p l ie d  b o ro n ,  n e i t h e r  60 n o r  90 pounds o f n i t r o g e n  
s i g n i f i c a n t l y  in f lu e n c e d  th e  y i e l d .  With a p p l ie d  b o ro n ,  bo th  60 and 
90 pounds o f  a p p l ie d  n i t r o g e n  gave h ig h ly  s i g n i f i c a n t  in c r e a s e s  in  th e  
y i e l d  a t  f i r s t  h a r v e s t .  There was no s i g n i f i c a n t  d i f f e r e n c e  between 
th e  y i e l d s  from th e  60 and 90>pound r a t e s  o f  n i t r o g e n  on th e  y i e l d  a t  
f i r s t  h a r v e s t  w ith  o r  w ith o u t  boron .
Data in  Table 4 show t h a t  when no n i t r o g e n  was a p p l i e d ,  th e  
a p p l i c a t i o n  o f  boron had no s i g n i f i c a n t  e f f e c t  on the  t o t a l  y i e l d .  When 
60 and 90 pounds p e r  a c re  o f  n i t r o g e n  were a p p l i e d ,  added boron produced 
h ig h ly  s i g n i f i c a n t  in c r e a s e s  amounting t o  277 and 400 pounds o f seed 
c o t to n  p e r  a c r e ,  r e s p e c t i v e l y .  With o r  w i th o u t  added b o ro n ,  th e  60 and 
90 pound r a t e s  o f  n i t r o g e n  had no s i g n i f i c a n t l y  d i f f e r e n t  e f f e c t s  on
Table  4 .  E f f e c t s  o f  a p p l ie d  n i t r o g e n  and a p p l ie d  boron on th e  t o t a l  
y i e l d .
Boron
lb s .
t r e a tm e n t  
p e r  a c re
N it ro g e n ,  l b s .  p e r  a c re a p p l ie d
0 60 90
Lbs. seed  c o t to n  p e r a c re
0 1326 1431 1319
1.9 1376 1708 1719
L.S.D . a t .05 l e v e l  169, a t .01  l e v e l  224.
th e  t o t a l  y i e l d .  The d a ta  show t h a t  on th e  Beulah sandy loam s o i l ,  
a p p l ie d  boron enhanced th e  u t i l i z a t i o n  o f  n i t r o g e n  by c o t to n  p l a n t s ,  
improved th e  e a r l i n e s s  o f  b o l l  o p en in g ,  and s i g n i f i c a n t l y  in c r e a s e d  th e  
t o t a l  y i e l d  o f  f i b e r .
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Data In  Table  5 show t h a t  a p p l i c a t i o n  o f  p o ta ss iu m  f e r t i l i z e r  
had no s i g n i f i c a n t  e f f e c t  on th e  y i e l d  a t  f i r s t  h a r v e s t  o r  on th e  t o t a l  
y i e l d ,  a l th o u g h  in  each case  th e  y i e l d  was g r e a t e r  when p o ta ss iu m  was 
a p p l i e d .  Y ie ld  d i f f e r e n c e s  between p l o t s  which r e c e iv e d  p o ta ss iu m  and 
th o se  n o t  t r e a t e d  w ith  p o ta ss iu m  among th e  d i f f e r e n t  t r e a tm e n ts  were 
q u i t e  v a r i a b l e .  This may be e x p la in e d  by th e  f a c t  t h a t  the  exchangeab le  
p o ta ss iu m  c o n c e n t r a t io n  among th e  72 p l o t s  in  the  experim en t v a r i e d  from 
60 to  150 ppm.
Table 5. E f f e c t s  o f  a p p l ie d  p o ta ss iu m  on th e  y i e ld  a t  f i r s t  h a r v e s t  
and th e  t o t a l  y i e l d .
Y ie ld  o f  seed c o t to n , lb s .  p e r  a c re
K2O tre a tm e n t  
l b s .  p e r  a c r e
Y ie ld  a t  




A se v e re  bollworm i n f e s t a t i o n  in  l a t e  J u ly  and e a r l y  August 
p ro b a b ly  l im i te d  y i e l d  a t  t h i s  l o c a t i o n .  S ince  the  f i e l d  was n o t  
i r r i g a t e d  and s in c e  r a i n f a l l  was in a d e q u a te  d u r in g  l a t e  August and in  
Septem ber, in ad eq u a te  m o is tu re  was a l s o  a p o s s ib l e  l i m i t a t i o n .  At th e  
e a r l y  square  s t a g e ,  some o f  the  p l a n t s  in  th e  p l o t s  t r e a t e d  w ith  
p o ta ss iu m  and 90 pounds o f n i t r o g e n  showed a  s l i g h t  grow th d e p re s s io n  
as  compared w i th  th o se  t r e a t e d  w i th  o th e r  com binations  o f  n i t r o g e n  
and p o ta ss iu m . The e a r l y  damage was a p p a re n t  f o r  on ly  a  s h o r t  p e r io d  
a f t e r  which th e  p l a n t s  appeared  to  grow n o rm a lly .
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As shewn by d a ta  in  Table 6 f a p p l ie d  boron in c re a se d  th e  boron 
c o n c e n t r a t io n  in  a l l  o f  th e  e ig h t  samples o f  c o t to n  p l a n t  t i s s u e  which 
were a n a ly z e d .  These samples were from th e  s e e d l in g s ,  th e  l e a f  b la d e s  
and the  l e a f  p e t i o l e s  a t  th e  e a r l y  s q u a re ,  e a r l y  bloom and e a r l y  b o l l  
s ta g e s  and th e  p e t i o l e s  a t  th e  medium b o l l  s ta g e .  Boron a n a ly s e s  o f 
th e  l e a f  b la d e s  a t  th e  medium b o l l  s ta g e  a r e  n o t  in c lu d e d  s in c e  th e  
f i r s t  f o l i a r  a p p l i c a t i o n  o f  boron was made one week p r i o r  to  t h i s
Table  6 . E f f e c t s  of a p p l ie d  boron on the  boron c o n c e n t r a t io n s  in  
c o t to n  p l a n t  t i s s u e s  a t  d i f f e r e n t  s ta g e s  o f  m a tu r i ty .
P la n t
t i s s u e
Boron
t re a tm e n t
S tage  o f  m a tu r i ty
Seed- E a r ly  
l i n g  sq u are
E a r ly  E a r ly  
bloom b o l l
Medium
b o l l
Boron c o n c e n t r a t io n  in  t i s s u e , ppm.
E n t i r e No boron 2 0 . 8
s e e d l in g A pplied  boron 36.8**
Leaf No boron 15.6 12 .6
b la d e s A pplied  boron 24.4** 26.9**
Leaf No boron 16.4 18.2 9 .6 12.3
p e t i o l e s A pplied  boron 19.7** 24.4** 18.2** 25.3**
* * S ig n i f l e a n t  a t  th e  .01  l e v e l  o f  p r o b a b i l i t y .
sam pling d a t e .  The d i f f e r e n c e  between th e  c o n c e n t r a t io n s  o f  boron in  th e  
l e a f  t i s s u e s  from b o r o n - t r e a te d  p l o t s  and in  the  l e a f  t i s s u e s  from 
u n t r e a te d  p l o t s  grew p r o p o r t i o n a t e l y  w ider  w i th  advancing  m a tu r i ty  o f  th e  
p l a n t s .  The in c r e a s e  in  th e  boron c o n c e n t r a t io n  in  th e  p e t i o l e s  from 
b o r o n - t r e a te d  p l o t s  from 18.2 ppm. a t  th e  e a r l y  b o l l  s ta g e  t o  25 .3  ppm. 
a t  th e  medium b o l l  s ta g e  may be p a r t i a l l y  e x p la in e d  by th e  f a c t  t h a t  a 
f o l i a r  a p p l i c a t i o n  o f  boron was a p p l ie d  a week p r i o r  to  th e  l a s t
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sampling d a te .  Where boron was n o t  a p p l i e d ,  i t  i s  no t c l e a r  w hether th e  
c o n c e n t r a t io n  o f 2 0 . 8  ppm. of boron in  th e  s e e d l in g s  r e p re s e n te d  a 
d e f i c i e n t  l e v e l  o f boron in  th e  p l a n t s .  N e i th e r  i s  i t  c e r t a i n  t h a t  the  
boron c o n c e n t r a t io n s  o f  15.6 ppm. in  the  l e a f  b la d e s  and 16.4 ppm. in  
th e  p e t i o l e s  a t  th e  e a r l y  square  s ta g e  r e p re s e n te d  d e f i c i e n c y  le v e l s  
o f  boron in  th e se  t i s s u e s .  No known boron d e f i c i e n c y  symptoms were 
observed  a t  th e  s e e d l in g  and e a r l y  square  s t a g e s .  However, a t  the  l a t e r  
s t a g e s ,  r in g e d  p e t i o l e s ,  which has been r e p o r te d  t o  be a boron d e f ic ie n c y  
symptom in  c o t to n ,  was w ide ly  p r e v a le n t  where boron was n o t  a p p l i e d ,  as 
shown l a t e r  in  Tab les  29-32 . This i s  c o n s id e re d  as  s t ro n g  ev id en ce  t h a t  
in  th e s e  p l a n t s  the  boron c o n c e n t r a t io n s  o f  18.2 and 9 .2  ppm. in  th e  
p e t i o l e s  a t  th e  e a r l y  bloom and e a r l y  b o l l  s t a g e s ,  r e s p e c t i v e l y ,  and o f 
1 2 . 6  ppm. in  th e  l e a f  b la d e s  a t  th e  e a r l y  b o l l  s ta g e  r e p re s e n te d  d e f i ­
c i e n t  l e v e l s  o f  boron . M oreover, th e  o ccu rren c e  o f  r in g e d  p e t i o l e s ,  
a l th o u g h  to  a much l e s s e r  deg ree  on p l a n t s  where boron was a p p l i e d ,  
r a i s e s  a q u e s t io n  about the  adequacy o f boron in  th e  p l a n t s  when the  
co rre sp o n d in g  v a lu e s  were 24 .4  and 18.2 ppm. in  th e  p e t i o l e s  and 26 .9  
ppm. in  the  b la d e s .  Due to  th e  r a p id  p e r m e a b i l i ty  of th e  Beulah sandy 
loam s o i l  coupled w ith  th e  o ccu rren c e  o f  heavy r a i n f a l l  e a r l y  in  th e  
growing s e a so n ,  i t  i s  c o n c e iv ab le  t h a t  much o f  th e  boron a p p l ie d  a t  
th e  tim e of p la n t in g  could  have leached out o f  th e  ro o t  zone (3 9 ,  100, 
103, 229, 231, 232).
The e f f e c t s  o f  a p p l ie d  n i t ro g e n  on th e  boron c o n c e n t r a t io n  in  
th e  c o t to n  p l a n t  a r e  shown by d a ta  in  Table 7. The 60-pound r a t e  o f  
a p p l ie d  n i t r o g e n  tended  to  d e c re a se  th e  c o n c e n t r a t io n  o f boron in  the  
s e e d l in g s .  At th e  90-pound r a t e  o f  a p p l ie d  n i t r o g e n ,  th e r e  was a 
s i g n i f i c a n t  d e c re a se  in  th e  boron c o n c e n t r a t io n  in  th e  s e e d l in g s .  Both
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60 and 90 pounds o f a p p l ie d  n i t r o g e n  gave a  h ig h ly  s i g n i f i c a n t  d e c re a se  
in  th e  boron c o n c e n t r a t io n  in  bo th  th e  b la d e s  and th e  p e t i o l e s  a t  th e  
e a r l y  squ are  s ta g e  and in  th e  p e t i o l e s  a t  th e  medium b o l l  s ta g e .
Table  7. E f f e c t s  o f  a p p l ie d  n i t r o g e n  on the  boron c o n c e n t r a t io n  in  
c o t to n  p la n t  t i s s u e s  a t  four s ta g e s  o f  m a tu r i ty .
N itro g e n Stage  o f m a tu r i ty
P la n t
t i s s u e
t re a tm e n t  
l b s .  p e r  
a c re
S eed lin g E a r ly  squ are E a r ly
b o l l
Medium b o l l
Boron c o n c e n t r a t i o n ,  ppm.
E n t i r e 0 30.5
s e e d l in g 60 28.5
90 27 .4
2 . 1* 2 . 8**
Leaf 0 22 .3 24 .3
b la d e s 60 19.0 18.7
90 18.2 16.6
2 . 0* 2 . 6** ~
Leaf 0 19.7 15.0 21.3
p e t i o l e s 60 17.6 13.2 18.0
90 16.8 13.3 17.2
1 .3*  1.8** N.S. 2 .3*  3 .1**
*L.S .D . a t  .05  l e v e l  o f  p r o b a b i l i t y .
**L,S.D . a t  .01  l e v e l  o f  p r o b a b i l i t y .
1/  There was a s i g n i f i c a n t  i n t e r a c t i o n  betw een a p p l ie d  n i t r o g e n  and 
a p p l ie d  p o ta ss iu m . See Table  8 .
A pplied  n i t ro g e n  d id  n o t  s i g n i f i c a n t l y  a f f e c t  th e  boron  c o n c e n t r a t io n  
i n  th e  p e t i o l e s  a t  th e  e a r l y  b o l l  s t a g e .  However, a t  th e  e a r l y  b o l l  
s ta g e  when no p o ta ss iu m  was a p p l i e d ,  90 pounds o f  n i t r o g e n  s i g n i f i c a n t l y  
d e c re a se d  the  c o n c e n t r a t io n  o f  boron  in  th e  l e a f  b l a d e s .  There was no
74
s i g n i f i c a n t  d i f f e r e n c e  between th e  e f f e c t s  o f  th e  60 and 90 pound r a t e s  
o f  n i t r o g e n  on th e  boron c o n c e n t r a t io n .  This I s  shown by d a ta  in  
Table 8 .
Table 8 . E f f e c t s  o f a p p l ie d  n i t r o g e n  and a p p l ie d  p o ta ss iu m  on th e  
boron c o n c e n t r a t io n  in  t h e  l e a f  b la d e s  a t  th e  e a r l y  b o l l  s t a g e .
K2O t re a tm e n t  
l b s .  p e r  a c re
N i t ro g e n , lb s .  p e r  a c r e  a p p l ie d
0 60 90
Boron c o n c e n t r a t i o n ,  ppm.
0 26.3 18.8 15.6
60 2 1 . 8 18.6 17.8
L.S .D . a t  .05  l e v e l  3 . 6 ,  a t  .0 1  l e v e l  4 .8 .
Data in  Table 9 show t h a t  a p p l i c a t i o n  o f p o ta ss iu m  f e r t i l i z e r  
s i g n i f i c a n t l y  d e c re a se d  th e  boron c o n c e n t r a t io n  in  th e  p e t i o l e s  a t  th e  
e a r l y  sq u are  and th e  medium b o l l  s t a g e s ,  bu t i t  had no s i g n i f i c a n t  
e f f e c t  on th e  boron c o n c e n t r a t io n  in  th e  p e t i o l e s  a t  the  e a r l y  b o l l  
s ta g e  o r  on t h a t  o f  th e  s e e d l in g s  o r  th e  l e a f  b la d e s  a t  the  e a r l y  
sq u are  s ta g e .
Data in  Table  8 show t h a t  a t  th e  e a r l y  b o l l  s t a g e ,  a p p l ie d  
p o ta ss iu m  w ith o u t  a p p l ie d  n i t r o g e n  r e s u l t e d  in  a  h ig h ly  s i g n i f i c a n t  
d e c re a se  in  th e  boron c o n c e n t r a t io n  in  th e  b la d e s  w h ile  p o ta ss iu m  had 
no s i g n i f i c a n t  e f f e c t  when a p p l i e d  w i th  60 o r  90 pounds o f  n i t r o g e n .  
The th r e e  in s ta n c e s  in  which p o ta s s iu m  f e r t i l i z e r  s i g n i f i c a n t l y  
d e p re s se d  th e  boron c o n c e n t r a t io n  in  th e  t i s s u e s  could  p a r t l y  e x p la in
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th e  d e p re s s iv e  e f f e c t  o f  a p p l ie d  p o ta s s iu m  on crop y i e l d s  as  r e p o r te d  
by o th e r  w orkers  (7 5 ,  229, 232 ).  The a p p l i c a t i o n  o f  p o tass iu m  d id  n o t  
d e p re ss  y i e l d  in  t h i s  s tu d y .
Table 9 ,  E f f e c t s  o f  a p p l ie d  p o ta ss iu m  on th e  boron c o n c e n t r a t io n  in  
c o t to n  p l a n t  t i s s u e s  a t  d i f f e r e n t  s ta g e s  o f  m a tu r i ty .
P la n t
t i s s u e
K2O tre a tm e n t  
l b s ,  p e r  ac re
Stage o f  m a tu r i ty
S e e d l in g E a r ly
square
E a r ly
b o l l
Medium
b o l l
Boron c o n c e n t r a t io n , ppm.
E n t i r e 0 2 9 .7
p la n t 60 2 8 .0
N .S.
Leaf 0 2 0 . 1 2 0 . 2
b la d e s 60 19.6 19.4
N.S. 1/
Leaf 0 18.7 14.7 19.8
p e t i o l e s 60 17.4* 13.0 17.8*
N.S.
1 /  There was a s i g n i f i c a n t  i n t e r a c t i o n  between a p p l ie d  n i t r o g e n  and 
a p p l ie d  p o ta ss iu m . See Table  8 .
* S i g n i f l e a n t  a t  th e  .05  l e v e l  o f  p r o b a b i l i t y .
Data in  Table  10 show th e  e f f e c t s  o f  a p p l ie d  boron on th e  p e r  
c e n t  o rg a n ic  n i t r o g e n  in  c o t to n  l e a f  t i s s u e s  a t  d i f f e r e n t  s ta g e s  o f 
m a tu r i t y .  The a p p l i c a t i o n  o f  boron had no s i g n i f i c a n t  e f f e c t  on th e  
p e r  c e n t  o rg a n ic  n i t r o g e n  in  th e  l e a f  b la d e s  a t  e i t h e r  th e  e a r l y  b o l l  
o r  th e  medium b o l l  s t a g e ;  how ever, t h e r e  was a  h ig h ly  s i g n i f i c a n t  
d e c re a se  in  th e  p e r  c e n t  o rg a n ic  n i t r o g e n  in  th e  p e t i o l e s  a t  th e  e a r l y  
b o l l  and medium b o i l  s t a g e s .
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Table  10, E f f e c t s  o f  a p p l ie d  boron on th e  p e r  c e n t  o rg a n ic  n i t r o g e n  
In  c o t to n  l e a f  t i s s u e s  a t  t h r e e  s ta g e s  o f  m a tu r i ty .
C o tton  l e a f  
t i s s u e
Boron
tre a tm e n t
S tage o f m a tu r i ty
E a r ly  E a r ly  Medium 
sq u are  b o l l  b o l l
P e r  cen t o rg a n ic  n i t r o g e n
Leaf No boron Not 4 .6 2 4 .2 0
b la d e s A pplied  boron a n a ly se d 4 .7 1 4 .1 9
N.S. N.S.
Leaf No boron 2 .45 1.78 1.52
p e t i o l e s A pplied  boron 2 .32 1. 66** 1.37**
1/
\ !  There was a  s i g n i f i c a n t  I n t e r a c t i o n  betw een a p p l ie d  n i t r o g e n  and 
a p p l ie d  bo ro n . See Table  11.
* * S ig n i f l e a n t  a t  th e  .0 1  l e v e l  o f  p r o b a b i l i t y .
Data In  Table  11 show t h a t  a t  th e  e a r l y  sq u are  s ta g e  when 60 
pounds o f  n i t r o g e n  was a p p l i e d ,  added boron s i g n i f i c a n t l y  d e c re a se d  
th e  p e r  c e n t  o rg a n ic  n i t r o g e n  In  th e  p e t i o l e s .  A pplied  boron had no 
s i g n i f i c a n t  e f f e c t  on th e  o rg a n ic  n i t r o g e n  c o n c e n t r a t io n  in  th e  p e t i ­
o le s  a t  th e  0 and 90-pound le v e l s  o f  n i t r o g e n .  When 60 pounds
Table  11. E f f e c t s  o f  a p p l ie d  boron and a p p l ie d  n i t r o g e n  on th e  
p e r  cen t  o rg a n ic  n i t r o g e n  in  th e  l e a f  p e t i o l e s  a t  th e  e a r l y  squ are  
s ta g e .
N i t ro g e n ,  l b s .  p e r  a c r e  a p p l ie d
Boron t r e a tm e n t  0 60 90
P er  c e n t  o rg a n ic  n i t r o g e n
No boron 2 .27  2 .55 2.52
A pplied  boron 2 .20  2 .31 2 .45
L .S .D . a t  ,05  l e v e l  0 .1 1 ,  a t  .0 1  l e v e l  0 .1 5 .
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of n i t r o g e n  was a p p l i e d ,  th e  a p p l i e d  boron  may have been ad eq u a te  f o r  
th e  u se  o f  th e  a p p l i e d  n i t r o g e n ,  b u t ,  w i th  90 pounds o f n i t r o g e n ,  t h e  
added boron may.have been in a d e q u a te  (2 0 7 ,  2 2 0 ) .  The g e n e r a l  e f f e c t  
o f  a p p l i e d  boron  in  d e c r e a s in g  th e  p e r  cen t  o rg a n ic  n i t r o g e n  in  th e  
p e t i o l e s  i s  i n  agreem ent w i th  r e p o r t s  t h a t  ammonium n i t r o g e n  (2 3 ,  129, 
133, 134, 140, 180, 184, 213 , 220) and s o lu b le  o rg a n ic  n i t r o g e n  (23) 
accum ulated  in  b o r o n - d e f i c i e n t  p l a n t s .  The o b s e r v a t io n s  in  t h i s  s tu d y  
a l s o  su p p o r t  W adleigh and S h i v e 's  (220) p r o p o s a l  t h a t  boron d e f i c i e n c y  
d i s t u r b s  th e  normal o x i d a t i o n - r e d u c t i o n  r e l a t i o n  o f  th e  c e l l  which 
i n t e r f e r e s  w i th  c a rb o h y d ra te  and n i t r o g e n  m etab o lism .
Data i n  Table  12 show t h a t  a p p l ie d  bo ron  had no s i g n i f i c a n t  
e f f e c t  on the  n i t r a t e  n i t r o g e n  c o n c e n t r a t i o n  in  th e  p e t i o l e s  a t  t h i s  
l o c a t i o n .  From V ic k e r y 's  e t  a l .  (217) r e p o r t  i t  was p o s s i b l e  t h a t  some 
n i t r a t e  ac c u m u la t io n  may have o c c u r re d  betw een th e  tim e th e  p l a n t  
t i s s u e  samples were c o l l e c t e d  and the  tim e of t h e i r  chem ica l a n a ly s e s .
T ab le  12. E f f e c t s  of a p p l ie d  boron on th e  n i t r a t e  n i t r o g e n  c o n c e n t r a ­
t i o n  in  c o t to n  l e a f  p e t i o l e s  a t  t h r e e  s ta g e s  o f  m a t u r i t y .
S tage  o f  m a tu r i ty
Boron t r e a tm e n t E a r ly  sq u are  E a r ly  b o l l  Medium b o l l
No boron
N i t r a t e  n i t r o g e n ,  ppm.
19,290 3 ,4 9 4  2 ,291
A p p lied  boron 20 ,072 3 ,9 0 1  1,944
N .S. N.S. N.S.
A pplied  boron had no s i g n i f i c a n t  e f f e c t  on th e  p e r  c e n t  p o ta ss iu m
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in  th e  l e a f  t i s s u e s  a t  any o f  the  t h r e e  s ta g e s  o f  m a tu r i ty  (T ab le  13).
Table 13. E f f e c t s  o f  a p p l ie d  boron on th e  p o ta ss iu m  c o n c e n t r a t io n  i n  
c o t to n  l e a f  t i s s u e s  a t  t h r e e  s ta g e s  o f  m a tu r i t y .
S tage  o f  m a tu r i ty
Leaf E a r ly  E a r ly  Medium
t i s s u e  Boron t re a tm e n t  sq u are  b o l l  b o l l
P e r  c e n t  p o ta ss iu m
Leaf No boron 2.43 1.45 3 .1 4
b la d e s A pplied  boron 2.53 1.57 3 .3 2
N.S. N.S. N.S.
Leaf No boron 6 .75 3.63 2.59
p e t i o l e s A pplied  boron 6.79 3 .88 2.76
N.S. N.S. N.S.
Data in  Table 14 show t h a t  a p p l ie d  boron s i g n i f i c a n t l y  d ec rease d  
th e  p e r  c e n t  ca lc iu m  in  th e  l e a f  b la d e s  a t  th e  e a r l y  sq u are  and e a r l y  
b o l l  s ta g e s  bu t had no s i g n i f i c a n t  e f f e c t  on ca lc iu m  c o n te n t  in  the  
o th e r  t i s s u e s .
Table  14. E f f e c t s  o f  a p p l ie d  boron on th e  p e r  c e n t  ca lc iu m  in  c o t to n  
l e a f  t i s s u e s  a t  th re e  s ta g e s  o f  m a tu r i t y .
Leaf
t i s s u e Boron t re a tm e n t
S tage
E a r ly
square
of m a tu r i ty
E a r ly  Medium 
b o l l  b o l l
P er c e n t  ca lc ium
Leaf No boron 3 .83 3 .2 7 3 .3 8
b la d e s A pplied  boron 3 .70* 3 .15* 3 .3 7
N.S.
Leaf No boron 3 .4 4 2 .15 2 .16
p e t i o l e s A pplied  boron 3 .4 1 2 .16 2 .17
N.S. N.S. N.S.
^ S i g n i f i c a n t  a t  .05 l e v e l  o f p r o b a b i l i t y
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The e f f e c t s  o f  a p p l ie d  n i t r o g e n  on th e  p e r  c e n t  o rg a n ic  n i t r o g e n  
in  c o t to n  l e a f  t i s s u e s  a re  shown by d a ta  in  Table  15. Both the  60 and 
90-pound r a t e s  of n i t r o g e n  r e s u l t e d  in  h ig h ly  s i g n i f i c a n t  in c r e a s e s  in  
th e  p e r  cen t  o rg a n ic  n i t r o g e n  in  th e  l e a f  b la d e s  a t  th e  e a r l y  b o l l  and 
medium b o l l  s ta g e s  and in  th e  p e t i o l e s  a t  the  e a r l y  s q u a re ,  e a r l y  b o l l  
and medium b o l l  s t a g e s .  The 90-pound r a t e  o f  n i t r o g e n  a s  compared w ith
Table 15. E f f e c t s  of a p p l ie d  n i t r o g e n  on the  p e r  cen t  o rg a n ic  n i t r o g e n  
in  c o t to n  l e a f  t i s s u e s  a t  t h r e e  s ta g e s  o f  m a tu r i t y .
Leaf
t i s s u e
N itro g e n  
t re a tm e n t  
l b s .  p e r  
a c re
Stage o f m a tu r i ty
E a r ly  squ are E a r ly  b o l l Medium b o l l
Per cen t o rg a n ic  n i t r o g e n
Leaf 0 4 .3 0 3 .9 0
b la d e s 60 4 .8 2 4 .2 8
90 4 .8 7 4 .4 1
0.16*  0 . 22** 0 .10*  0 .13**
Leaf 0 2.24 1.40 1.16
p e t i o l e s 60 2.43 1.78 1.52
90 2.49 1.96 1 .6 6
0 .08*  0 . 10** 0.10*  0 .13** 0 .09*  0 .14**
*L.S .D . a t  .05  l e v e l of p r o b a b i l i t y .
**L.S.D . a t  . 0 1  l e v e l  o f  p r o b a b i l i t y .
th e  60-pound r a t e  gave a h ig h ly  s i g n i f i c a n t  in c r e a s e  in  the  p e r  cen t 
o rg a n ic  n i t r o g e n  in  th e  l e a f  p e t i o l e s  a t  th e  e a r l y  b o l l  and medium b o l l  
s t a g e s .  There was a l s o  a h ig h ly  s i g n i f i c a n t  in c r e a s e  in  the  p e r  cen t  
o rg a n ic  n i t r o g e n  from th e  90-pound r a t e  of n i t r o g e n  in  th e  l e a f  b la d e s  
a t  th e  medium b o l l  s t a g e .  The d i f f e r e n c e  between th e  e f f e c t s  o f no 
n i t r o g e n  and th e  e f f e c t s  o f  a p p l ie d  n i t r o g e n  on th e  p e r  c e n t  o rg a n ic  
n i t r o g e n  in  th e  p e t i o l e s  became g r e a t e r  w ith  advancing  m a tu r i ty  o f  th e
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p l a n t s .  The d i f f e r e n c e s  between th e  e f f e c t s  o f  60 and o f  90 pounds 
o f a p p l ie d  n i t r o g e n  a l s o  in c re a s e d  w i th  m a tu r i ty .
Data in  Table  16 show t h a t  a t  th e  e a r l y  sq u are  and medium b o l l  
s ta g e s  b o th  60 and 90 pounds o f a p p l ie d  n i t r o g e n  gave h ig h ly  s i g n i f i ­
c a n t  in c r e a s e s  in  th e  n i t r a t e  n i t r o g e n  c o n c e n t r a t io n  in  th e  p e t i o l e s .  
The 90-pound r a t e  o f  n i t r o g e n  compared w i th  the  e f f e c t s  from th e  60- 
pound r a t e  gave a h ig h ly  s i g n i f i c a n t  in c r e a s e  in  th e  n i t r a t e  n i t r o g e n  
c o n c e n t r a t io n  in  th e  p e t i o l e s .  The n i t r a t e  n i t r o g e n  c o n c e n t r a t io n
Table  16. E f f e c t s  o f  a p p l ie d  n i t ro g e n  on th e  n i t r a t e  n i t r o g e n
c o n c e n t r a t io n  in  c o t to n  l e a f  p e t i o l e s  a t  t h r e e  s ta g e s  o f  m a tu r i ty .
N itro g e n  
t re a tm e n t  
l b s .  p e r  a c r e
S tage o f  m a tu r i ty
E a r ly  sq u are  E a r ly  b o l l Medium b o l l
N i t r a t e  n i t r o g e n ,  ppm.
0 14,100 1,005 265
60 21,806 4 ,105 2 ,320
90 23,138 5 ,981 3 ,765
1,420* 1,892** 1/ 740* 985**
*L.S ,D , a t  .05  l e v e l  o f  p r o b a b i l i t y .
**L,S.D . a t  .0 1  l e v e l  o f  p r o b a b i l i t y .
1 /  There was a s i g n i f i c a n t  i n t e r a c t i o n  between a p p l ie d  n i t r o g e n  and 
a p p l ie d  p o ta ss iu m . See Table 17.
in  th e  p e t i o l e s  from p l o t s  t h a t  r e c e iv e d  no n i t r o g e n  was 14,100 ppm. 
a t  th e  e a r l y  sq u a re  s t a g e ,  1,005 a t  th e  e a r l y  b o l l  s ta g e  and 265 ppm. 
a t  th e  medium b o l l  s ta g e .  Where 60 pounds o f  n i t r o g e n  was a p p l i e d ,  
th e  c o r re sp o n d in g  v a lu e s  were 2 1 ,8 0 6 ,  4 ,1 0 5  and 2 ,320 ppm. With 
90 pounds o f  a p p l ie d  n i t r o g e n ,  th e s e  v a lu e s  were 2 3 ,1 3 8 ,  5 ,981  and 3 ,765  
ppm. A ccording  to  MacKensle e t  a l .  (1 1 5 ) ,  r e d u c t io n s  in  c o t to n  y i e l d s
were r e l a t e d  to  the  le n g th  o f tim e t h a t  th e  n i t r a t e  c o n c e n t r a t io n  in
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th e  p e t i o l e s  f e l l  below minimum le v e l s  of 1000-2000 ppm. In  
accordance  w i th  th e s e  r e s u l t s ,  n i t r o g e n  d e f i c i e n c y  was n o t  a  l im i t in g  
f a c t o r  in  t h i s  experim ent ex cep t a t  th e  medium b o l l  s ta g e  where no 
n i t r o g e n  was a p p l i e d .
Data In  Table  17 show t h a t  w ith  and w i th o u t  a p p l ie d  p o ta ss iu m  
bo th  th e  60 and 90-pound r a t e s  o f  a p p l ie d  n i t r o g e n  caused h ig h ly  
s i g n i f i c a n t  in c r e a s e s  in  the  n i t r a t e  n i t r o g e n  c o n c e n t r a t io n  in  th e  
p e t i o l e s  a t  th e  e a r l y  b o l l  s t a g e .  W ithout ap p lle tT  p o ta s s iu m , th e r e
Table  17. - E f f e c t s  o f  a p p l ie d  n i t r o g e n  and a p p l ie d  p o ta s s iu m  on th e  
n i t r a t e  n i t r o g e n  c o n c e n t r a t io n  in  the  p e t i o l e s  a t  th e  e a r l y  b o l l  
s t a g e .
N i t ro g e n ,  l b s .  p e r  a c r e  a p p l ie d  
K2O tre a tm e n t  —  ■ — ■ ——
lb s .  p e r  a c re  0  60 90
N i t r a t e  n i t r o g e n ,  ppm.
0 1207 4465 5004
60 805 3745 6958
L.S.D . a t  .0 5  l e v e l  1435, a t  .0 1  l e v e l  1912.
was no s i g n i f i c a n t  d i f f e r e n c e  between th e  e f f e c t s  o f  th e  60 and 90-pound 
r a t e s  o f  a p p l ie d  n i t r o g e n  on the n i t r a t e  n i t r o g e n  c o n c e n t r a t io n  in  th e  
p e t i o l e s .  However, w i th  a p p l ie d  p o ta s s iu m , th e  90-pound r a t e  compared 
w i th  th e  e f f e c t s  from 60 pounds o f  a p p l ie d  n i t r o g e n  gave a  h ig h ly  
s i g n i f i c a n t  i n c r e a s e .
Both a p p l ie d  p o ta ss iu m  (T ab le  17) and a p p l ie d  n i t r o g e n  (T ab le  7) 
in c re a s e d  th e  n i t r a t e  n i t r o g e n  c o n c e n t r a t io n  and d e c re a se d  th e  boron 
c o n c e n t r a t io n  (T ab les  7-9) in  some o f  th e  p e t i o l e s .  These r e s u l t s  
could  p a r t i a l l y  e x p la in  r e s u l t s  r e p o r te d  by Hardy (75) t h a t  c o t to n  
le av es  remained g reen  and d id  n o t  a b s c i s s  b e fo re  f r o s t  when b o th
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n i t r o g e n  and p o ta ss iu m  were a p p l ie d  w i th o u t  a p p l ie d  b o ro n . A pplied  
p o ta ss iu m  may have in c re a s e d  the  e f f i c i e n c y  o f  n i t r o g e n  up take  and 
u t i l i z a t i o n  and may have i n t e n s i f i e d  th e  problem s a s s o c ia te d  w ith  boron 
d e f i c i e n c y .
The e f f e c t s  of a p p l ie d  n i t r o g e n  on th e  p e r  c e n t  p o ta ss iu m  in  
th e  c o t to n  le a f  t i s s u e s  a t  th re e  s ta g e s  o f  m a tu r i ty  a r e  shown by d a ta  
in  Table  18. These d a ta  show t h a t  a p p l ie d  n i t r o g e n  d id  n o t  s i g n i f i -
Tab le  18. E f f e c t s  o f  a p p l ie d  n i t r o g e n  on the p e r  c e n t  p o ta ss iu m  in  
c o t to n  l e a f  t i s s u e s  a t  th re e  s ta g e s  o f m a tu r i t y .
Leaf
t i s s u e
N itro g en S tage  o f  m a tu r i ty
lb s .  p e r  a c r e  E a r ly  sq u a re E a r ly  b o l l  Medium b o l l
Per c e n t  p o ta ss iu m
Leaf 0  2 .45 1.54 1.45
b la d e s 60 2 .50 1.40 1.09
90 2 .49 1.58 1.16
1/ 2 /  0 .27*  0 .36**
Leaf 0 6 .£3 4 .0 6  2 .90
p e t i o l e s 60 6 .67 3 ,4 2  2 .31
90 6 .7 0 3 .78  2 .8 1
N.S. N.S. N.S.
I f  There was a s i g n i f i c a n t  I n t e r a c t i o n  between a p p l ie d  n i t ro g e n  and
a p p l ie d  p o ta ss iu m . See Table 19.
2 /  There was a h ig h ly  s i g n i f i c a n t  i n t e r a c t i o n  between a p p l ie d  n i t r o g e n
and a p p l ie d  p o ta ss iu m . See Table  20 •
*L.S.D . a t  .05  l e v e l  o r  p r o b a b i l i t y .
**L.S.D . a t  . 0 1  l e v e l  o r  p r o b a b i l i t y .
c a n t l y  a f f e c t  th e  p e r  c e n t  p o tass iu m  in  th e  l e a f  p e t i o l e s  a t  any s ta g e  
o f  m a tu r i ty .  At th e  medium b o l l  s ta g e  60 and 90 pounds o f  a p p l ie d  
n i t ro g e n  s i g n i f i c a n t l y  d e c re a se d  the  p e r  cen t p o ta ss iu m  in  th e  l e a f  
b la d e s .  There was no s i g n i f i c a n t  d i f f e r e n c e  between th e  e f f e c t s  of
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th e  60 and 90-pound r a t e s  of n i t r o g e n  on th e  p o ta ss iu m  c o n c e n t r a t io n .
Data In  Table  19 show t h a t  60 and 90 pounds o f a p p l ie d  n i t r o g e n  
had no s i g n i f i c a n t  e f f e c t  on th e  p e r  c e n t  p o ta ss iu m  in  th e  l e a f  b la d e s  
a t  the  e a r l y  squ are  s ta g e  when no p o ta ss iu m  was a p p l i e d .  However, 
h ig h ly  s i g n i f i c a n t  in c r e a s e s  in  th e  p o ta ss iu m  c o n c e n t r a t io n  In  th e  l e a f  
b la d e s  were o b ta in e d  w i th  bo th  r a t e s  o f  a p p l ie d  n i t r o g e n  when p o ta ss iu m  
was a l s o  a p p l i e d .  There was no s i g n i f i c a n t  d i f f e r e n c e  betw een th e
Table  19. E f f e c t s  o f a p p l ie d  n i t r o g e n  and a p p l ie d  p o ta ss iu m  on th e  p e r  
c e n t  p o ta ss iu m  in  th e  l e a f  b la d e s  a t  th e  e a r l y  sq u a re  s t a g e .
L.S .D . a t  .05  l e v e l  0 , 2 0 t a t  .0 1  l e v e l  0 .2 6 .
e f f e c t s  o f  th e  60 and 90-pound r a t e s  o f  n i t r o g e n  on the  p e r  cen t  
p o ta ss iu m  in  th e  l e a f  b la d e s  a t  th e  e a r l y  squ are  s t a g e .  In  th e  l e a f  
b la d e s  a t  th e  e a r l y  b o l l  s t a g e ,  b o th  60 and 90 pounds o f  a p p l ie d  
n i t r o g e n  s i g n i f i c a n t l y  d e c re a se d  th e  p e r  cen t p o tass iu m  in  th e  absence 
o f  a p p l ie d  p o ta ss iu m  (T ab le  20) . When p o ta ss iu m  was a p p l i e d ,  th e  
60-pound r a t e  o f  n i t r o g e n  had no e f f e c t ,  and 90 pounds r e s u l t e d  in  a 
s i g n i f i c a n t  in c r e a s e  in  p o ta ss iu m  in  th e  l e a f  b la d e s .  Data in  Table  20 
a l s o  show t h a t  w i th o u t  a p p l ie d  p o ta ss iu m  60 and 90 pounds o f a p p l ie d  
n i t r o g e n  had no s i g n i f i c a n t l y  d i f f e r e n t  e f f e c t s  on th e  p e r  cen t
K2O tre a tm e n t  
lb s .  p e r  a c re
N it ro g e n ,  l b s .  p e r  a c r e  a p p l ie d
0 60 90
P er cen t  p o ta ss iu m
0 2.43 2 .29 2 .30
60 2.47 2 .7 1 2.68
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p o tass iu m  in  th e  b l a d e s ,  bu t t h e r e  was a s i g n i f i c a n t  in c r e a s e  from 
th e  90-pound r a t e  o f  a p p l ie d  n i t r o g e n  when p o ta ss iu m  was a p p l ie d .
Table  20. E f f e c t s  o f  a p p l ie d  n i t r o g e n  and a p p l ie d  p o ta ss iu m  on th e  
p e r  c e n t  p o ta ss iu m  in  t h e  l e a f  b la d e s  a t  th e  e a r l y  b o l l  s t a g e .
N i t ro g e n ,  l b s ,  p e r  a c re  a p p l ie d
K2O tre a tm e n t-------------------------------- - -------— ... ,
l b s .  p e r  a c re  . 0  60 90
P e r  c e n t  p o ta ss iu m  
0 1,65 1.36 1 .40
60 1.44 1.44 1.76
L.S.D. a t  .05  l e v e l  0 .2 5 ,  a t  .01  l e v e l  0 .3 4 .
As shown by d a ta  in  Table  21 , a h ig h ly  s i g n i f i c a n t  in c r e a s e  in  
th e  p e r  cen t ca lc ium  in  th e  l e a f  b la d e s  o c c u r re d  w i th  b o th  th e  60 and 
90-pound a p p l i c a t i o n s  o f  n i t r o g e n  a t  th e  e a r l y  b o l l  and medium b o l l
Table  21, E f f e c t s  of a p p l ie d  n i t r o g e n  on th e  p e r  cen t  ca lc iu m  in  c o t to n  
l e a f  t i s s u e s  a t  th r e e  s ta g e s  o f  m a tu r i t y .
Leaf
t i s s u e
N itro g e n  
t re a tm e n t  
l b s .  p e r  
a c r e
S tage  o f  m a tu r i ty — -
E a r ly  sq u a re E a r ly  b o l l Medium b o l l
Per cen t ca lc ium
Leaf 0 3 .7 1 2.92 3 .07
b la d e s 60 3 .78 3 .38 3 .6 1
90 3 .8 1 3.33 3 .4 4
N.S. 0 .14*  0 .19** 0 .2 4 *  0.32**
Leaf 0 3.29 2.06 2 . 1 0
p e t i o l e s 60 3 .5 2 2 .24 2 .26
90 3 .47 2.16 2 .14
0 .18* 0 .24** 0 .13*  0.17** N.S.
*L .S .D . a t  .05  l e v e l  o f  p r o b a b i l i t y .
**L.S.D . a t  . 0 1  l e v e l  o f  p r o b a b i l i t y
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s ta g e s .  Both th e  60 and the  90-pound r a t e  o f  n i t r o g e n  s i g n i f i c a n t l y  
In c re a se d  th e  p e r  c e n t  ca lc iu m  In th e  p e t i o l e s  a t  the  e a r l y  square  
s ta g e  w hile  o n ly  th e  60-pound r a t e  gave an In c re a s e  a t  th e  e a r l y  b o l l  
s ta g e .
Data In  Table  22 show t h a t  a p p l ie d  p o ta ss iu m  had no s i g n i f i c a n t  
e f f e c t  on the  p e r  cen t  o rg a n ic  n i t r o g e n  In  th e  l e a f  p e t i o l e s  a t  any of 
th e  t h r e e  s ta g e s  o f  m a tu r i t y .
Table  22. E f f e c t  o f  a p p l ie d  p o ta s s iu m  on th e  o rg a n ic  n i t r o g e n  concen­
t r a t i o n  In  c o t to n  l e a f  t i s s u e s  a t  th r e e  s ta g e s  o f  m a tu r i ty .
S tage  o f  m a tu r i ty
Leaf K2O t re a tm e n t E a r ly E a r ly Medium
t i s s u e l b s .  p e r  a c r e square b o l l b o l l
Per cen t o rg a n ic  n i t r o g e n
Leaf 0 4 .6 7 4 .2 0
b la d e s 60 4 .6 6 4 .2 0
N.S. N.S.
Leaf 0 2.37 1.72 1.44
p e t i o l e s 60 2 .40 1.71 1.45
N.S. N.S. N.S.
Data in  Table 23 show t h a t  a p p l ie d  p o ta ss iu m  d id  n o t s i g n i f i ­
c a n t ly  a f f e c t  the  n i t r a t e  n i t r o g e n  c o n c e n t r a t io n  in  th e  p e t i o l e s  a t  th e  
e a r l y  square  o r medium b o l l  s t a g e s .  However, d a ta  In  Table 17 show 
t h a t  w ith  a p p l ie d  p o ta s s iu m ,  th e r e  was a h ig h ly  s i g n i f i c a n t  in c r e a s e  in  
th e  n i t r a t e  n i t r o g e n  c o n c e n t r a t io n  in  the  p e t i o l e s  a t  th e  e a r l y  b o l l  
s ta g e  when 90 pounds o f  n i t r o g e n  was a p p l ie d .
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Table 23. E f f e c t s  o f  a p p l ie d  p o ta ss iu m  on th e  n i t r a t e  n i t r o g e n  con­
c e n t r a t i o n  In  c o t to n  l e a f  p e t i o l e s  a t  t h r e e  s ta g e s  o f  m a tu r i ty .
K2O t re a tm e n t  
l b s .  p e r  a c r e
S tage  o f m a tu r i ty













1/  There was a s i g n i f i c a n t  i n t e r a c t i o n  between th e  e f f e c t s  of a p p l ie d  
n i t r o g e n  and a p p l ie d  p o ta ss iu m . See Table 17.
Data in  Table 24 show t h a t  a p p l ie d  p o tass iu m  s i g n i f i c a n t l y  
in c re a s e d  th e  p e r  c e n t  p o ta ss iu m  in  th e  p e t i o l e s  a t  a l l  t h r e e  s ta g e s  o f 
m a tu r i t y .  At th e  e a r l y  sq u are  s t a g e ,  a p p l ie d  p o ta ss iu m  i n t e r a c t e d  w ith  
a p p l ie d  n i t r o g e n  to  in f lu e n c e  th e  p e r  c e n t  p o ta ss iu m  in  th e  l e a f  b l a d e s ,  
as  shown by d a ta  in  Table 19. A pplied  p o tass iu m  w ith o u t  a p p l ie d  
n i t r o g e n  had no s i g n i f i c a n t  e f f e c t  on the  p e r  cen t p o ta ss iu m  In  th e  l e a f
Table 24. E f f e c t s  o f  a p p l ie d  p o ta ss iu m  on th e  per  cen t  p o tass iu m  in  
c o t to n  l e a f  t i s s u e s  a t  t h r e e  s ta g e s  of m a tu r i ty .
S tage o f  m a tu r i ty
Leaf
t i s s u e
K2O tre a tm e n t  
l b s .  p e r  a c re
E a r ly
square
E a r ly
b o l l
Medium
b o l l
Per  c e n t  p o ta ss iu m
Leaf 0 2 .34 1.47 1.24
b la d e s 60 2 .64 1.55 1 .22
1/ N.S. N.S.
Leaf 0 6.36 3.36 2.36
p e t i o l e s 60 7.17** 4 .15** 2.98*
1 /  There was a s i g n i f i c a n t  i n t e r a c t i o n  between a p p l ie d  n i t r o g e n  and 
a p p l ie d  p o ta ss iu m . See Table  19.
^ S i g n i f i c a n t  a t  th e  .05  l e v e l  o f  p r o b a b i l i t y .
* * S ig n i f l e a n t  a t  th e  ,01  l e v e l  o f  p r o b a b i l i t y .
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b la d e s  a t  th e  e a r l y  square  s t a g e ;  however, w i th  b o th  60 and 90 pounds 
o f a p p l ie d  n i t r o g e n ,  a  s i g n i f i c a n t  In c re a s e  occurred*  With o r  w ith o u t  
a p p l ie d  p o ta s s iu m , th e  60 and 90-pound r a t e s  of n i t r o g e n  had no s i g n i ­
f i c a n t l y  d i f f e r e n t  e f f e c t s  on th e  p e r  cen t p o ta ss iu m  in  the  b la d e s .
Where no p o ta ss iu m  was a p p l i e d ,  th e  p e r  cent p o ta ss iu m  in  th e  p e t i o l e s  
was 6*36, 3 .3 6  and 2 .36  p e r  c e n t ,  r e s p e c t i v e l y ,  a t  th e  e a r l y  s q u a re ,  
e a r l y  b o l l  and medium b o l l  s t a g e s .  Where p o ta ss iu m  was a p p l i e d ,  th e se  
v a lu e s  were 7 .1 7 ,  4 .1 5  and 2 .9 8 ,  r e s p e c t i v e l y .  A ccording to  th e se  
r e s u l t s  and s im i l a r  r e s u l t s  r e p o r te d  by Fu llm er and Stromberg ( 6 0 ) ,  
po ta ss iu m  d e f i c i e n c y  was no t a l im i t in g  f a c t o r ,  a t  l e a s t  th ro u g h  th e  
medium b o l l  s ta g e .  F u llm er and Stromberg concluded t h a t  t o  p re v e n t  
d e f i c i e n c y  on s o i l s  o f  r e l a t i v e l y  low c a t io n  exchange c a p a c i ty  th e  m in i­
mum p o ta ss iu m  c o n c e n t r a t io n  in  c o t to n  p e t i o l e s  should  be 5 p e r  c e n t  a t  
e a r l y  bloom and 2 p e r  cen t 130 days a f t e r  s e e d in g .
Data in  Table  25 show t h a t  a p p l ie d  p o tass iu m  had no s i g n i f i c a n t  
e f f e c t  on th e  p e r  cen t  ca lc ium  in  th e  l e a f  b la d e s  o r  in  the  p e t i o l e s  a t  
any o f  the  t h r e e  s ta g e s  of m a tu r i ty .
Table  25. E f f e c t s  o f  a p p l ie d  p o ta ss iu m  on th e  p e r  c e n t  ca lc iu m  in  
c o t to n  l e a f  t i s s u e s  a t  th r e e  s ta g e s  o f  m a tu r i ty .
S tage  o f  m a tu r i ty
Leaf K2O tre a tm e n t E a r ly E a r ly  Medium
t i s s u e l b s .  p e r  a c re square b o l l  b o l l
Leaf 0 3.75 3 .18 3 .3 4
b la d e s 60 3.79 3 .2 4 3 .41
N.S. N.S. N.S.
Leaf 0 3.44 2.13 2.13
p e t i o l e s 60 3 .42 2 .1 7 2 . 2 0
N.S, N.S. N.S.
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Examples o f th e  e f f e c t s  o f  th e  t r e a tm e n ts  on the  ca lc iu m :b o ro n  
r a t i o  In  th e  p l a n t  t i s s u e  a r e  shown by d a ta  In  T ab les  26-28 . The 
r a t i o s  a r e  In  te rm s  o f  th e  m l l l l - e q u l v a l e n t s  o f  th e  e lem ents  p e r  100 
grams o f  t i s s u e .  Data In  Table  26 show t h a t  In  t h e  absence o f a p p l ie d
Table  26. E f f e c t s  o f  th e  a p p l i c a t i o n s  o f  n i t r o g e n  and boron on th e  
ca lc iu m :b o ro n  r a t i o  in  th e  l e a f  b la d e s  a t  th e  e a r l y  b o l l  s ta g e .
N i t ro g e n ,  lb s .  p e r  a c r e  a p p l ie d
Boron t re a tm e n t 0 60 90
C alc ium :boron  r a t i o  
No boron 360 603 697
A pplied  boron  174 227 260
L.S .D . a t  .05  l e v e l  100, a t  .0 1  l e v e l  132.
b o ro n ,  a h ig h ly  s i g n i f i c a n t  in c r e a s e  in  th e  c a lc iu m :b o ro n  r a t i o  
o c c u r re d  w ith  th e  a p p l i c a t i o n  o f  60 and 90 pounds of n i t r o g e n .  The 
in c r e a s e  in  the  r a t i o  from 90 pounds as compared w i th  th e  e f f e c t  from 
60 pounds o f  a p p l i e d  n i t r o g e n  approached  s i g n i f i c a n c e  a t  the  5 p e r  
ce n t  l e v e l  o f  p r o b a b i l i t y .  A pplied  boron d e c re a se d  th e  ca lc iu m :b o ro n  
r a t i o  in  the  b la d e s  t o  a h ig h ly  s i g n i f i c a n t  e x te n t  a t  a l l  t h r e e  l e v e l s  
o f  n i t r o g e n .
As shown by d a ta  in  Table  27 , b o th  60 and 90 pounds o f  a p p l ie d  
n i t ro g e n  s i g n i f i c a n t l y  in c r e a s e d  th e  ca lc iu m ;b o ro n  r a t i o  in  th e  l e a f
Table 27. E f f e c t s  of a p p l ie d  n i t r o g e n  on th e  c a lc iu m :b o ro n  r a t i o  in  
th e  l e a f  p e t i o l e s  a t  th e  e a r l y  b o l l  s t a g e .
N itro g e n  t r e a tm e n t C alc ium :boron




L.S .D . a t  .05 l e v e l  5 1 , a t  .0 1  l e v e l  85 .
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p e t i o l e s  a t  the  e a r l y  b o l l  s t a g e .  The e f f e c t s  o f  th e  60 and 90-pound 
r a t e s  o f  n i t r o g e n  w ere n o t  s i g n i f i c a n t l y  d i f f e r e n t .
Where no boron was a p p l i e d ,  th e  a p p l i c a t i o n  o f  p o tass ium  was 
a s s o c ia t e d  w i th  a h ig h ly  s i g n i f i c a n t  in c r e a s e  in  th e  ca lc iu m :b o ro n  
r a t i o  In  th e  p e t i o l e s  a t  th e  e a r ly  b o l l  s t a g e ,  as  shown by d a ta  in  
Table  28. With a p p l i e d  boron , th e  c a lc iu m :b o ro n  r a t i o  was n o t  
s i g n i f i c a n t l y  a f f e c t e d  by a p p l ie d  p o ta ss iu m . With o r  w i th o u t  added 
po tass iu m , a p p l ie d  boron was a s s o c i a t e d  w ith  a h ig h ly  s i g n i f i c a n t  
d e c re a se  in  th e  c a lc iu m :b o ro n  r a t i o  in  th e  p e t i o l e s .
Table  28. E f f e c t s  o f  a p p l i c a t i o n s  o f  boron and p o ta ss iu m  on th e  
ca lc iu m :b o ro n  r a t i o  in  th e  l e a f  p e t i o l e s  a t  th e  e a r ly  b o l l  s ta g e .
K2O, l b s .  p e r  a c r e  a p p l ie d  
Boron t re a tm e n t  0 60
Calcium :boron  r a t i o  
No boron 380 540
A pplied  boron 202 226
L.S .D . a t  .05 l e v e l  73, a t  .01 l e v e l  98.
C o n c e n tr ic  r i n g s  on the  l e a f  p e t i o l e s  were f i r s t  observed  on the  
p l a n t s  a t  th e  e a r ly  bloom s ta g e  (T ab le  29) and were o bserved  to  in c r e a s e  
a t  th e  e a r l y  b o l l  s t a g e ,  p a r t i c u l a r l y  where n i t r o g e n  had been a p p l ie d  
in  th e  absence  o f  a p p l ie d  bo ron . At th e  e a r l y  b o l l  s t a g e ,  the  p e t i o l e s  
from p l o t s  which r e c e iv e d  no boron were g e n e r a l l y  s h o r t e r  and d a rk e r  
g reen  in  c o lo r  than  th o se  from p l o t s  where boron was a p p l i e d .  F ig u re s  1 
and 2 on pages 90 and 91 show th e  e f f e c t s  o f  a p p l ie d  boron in  d e c re a s in g  
th e  p e r  c e n t  o f  the  abnormal p e t i o l e s  when 60 and 90 pounds o f  n i t r o g e n  
were each a p p l ie d  w i th  40 pounds o f P2®5 an<* pounds o f  K2O p e r  a c r e .
F ig u re  1. C o tton  l e a f  p e t i o l e s  san ^ le d  a t  th e  e a r l y  b o l l  
s ta g e  from a  p l o t  which r e c e iv e d  boron ( to p )  and from a 
p l o t  which d id  no t r e c e iv e  boron  (b o tto m ) .  Both p l o t s  
r e c e iv e d  60 pounds o f  n i t r o g e n ,  40 pounds o f  P2O5 and 60 
pounds o f  K2O p e r  a c r e .  Note th e  s l i g h t l y  d a rk e r  c o l o r ,  
s h o r t e r  grow th and g r e a t e r  number o f  r in g s  on th e  
p e t i o l e s  from th e  p l o t  where boron  was n o t a p p l i e d .
91
F ig u re  2 . C otton  l e a f  p e t i o l e s  sampled a t  th e  e a r ly  b o l l  
s ta g e  from a p l o t  which r e c e iv e d  no boron ( to p )  and 
from a p l o t  w hich r e c e iv e d  boron (b o tto m ) .  Both p l o t s  
r e c e iv e d  90 pounds o f  n i t r o g e n ,  40 pounds o f  P2O5 And 
60 pounds o f  K2O p e r  a c r e .  Note th e  d i s t i n c t  d a rk e r  
g re e n  c o l o r ,  s h o r t e r  g row th  and th e  g r e a t e r  number o f  
r in g s  on th e  p e t i o l e s  from th e  p l o t  which d id  no t 
r e c e iv e  boron .
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Data In  Table  29 show t h a t  a t  th e  e a r l y  bloom s ta g e  th e  
a p p l i c a t i o n  o f  boron was accompanied by a  h ig h ly  s i g n i f i c a n t  d e c re a se  
in  th e  p e r  c e n t  o f  th e  p e t i o l e s  which showed c o n c e n t r ic  r i n g s ,  
r e g a r d le s s  o f  th e  p o ta ss iu m  t r e a tm e n ts .
Table 29. E f f e c t s  of a p p l i c a t i o n s  o f boron and p o ta ss iu m  on th e  p e r  
c e n t  o f  th e  p e t i o l e s  a t  th e  e a r l y  bloom s ta g e  which e x h ib i te d  
c o n c e n t r ic  r in g s .
I^O , l b s .  p e r  a c re  a p p l ie d  
Boron t re a tm e n t  0 60
P er cen t of p e t i o l e s  w i th  r in g s
No boron 2 0 .9  4 1 .0
A pplied  boron 6 .4  5 .7
L.S.D . a t  .05 l e v e l  1 0 .0 ,  a t  .01  l e v e l  13 .3 .
At th e  e a r l y  b o l l  s t a g e ,  a p p l ie d  boron w i th  a l l  t h r e e  n i t r o g e n  
l e v e l s  gave a h ig h ly  s i g n i f i c a n t  d e c re a se  in  th e  p e r  c e n t  of r in g e d  
p e t i o l e s ,  as  shown by d a ta  in  Table  30.
Table  30. E f f e c t s  o f a p p l i c a t i o n s  of n i t r o g e n  and boron on th e  p e r  
c e n t  o f  th e  p e t i o l e s  a t  the  e a r l y  b o l l  s ta g e  which e x h ib i te d  
c o n c e n t r ic  r i n g s .
Boron t re a tm e n t
N i t ro g e n ,  l b s .  per  a c r e  a p p l ie d  
0 60 90
No boron
Per c e n t  o f  p e t i o l e s  w ith  r in g s  
37 .2  80 .8  74 .0
A pplied  boron 7.0  9 .5  12.2
L.S .D , a t  .05 l e v e l  1 3 .3 ,  a t .0 1  l e v e l  17 .7 .
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Data In  Table  31 show t h a t  90 pounds o f  a p p l ie d  n i t r o g e n  gave a 
h ig h ly  s i g n i f i c a n t  I n c re a s e  in  th e  p e r  cen t o f  r in g e d  p e t i o l e s .  When 
90 pounds of n i t r o g e n  was a p p l i e d ,  26 p e r  cen t o f  th e  p e t i o l e s  had 
r i n g s ,  an amount which was s i g n i f i c a n t l y  g r e a t e r  th a n  th e  p e rc e n ta g e  
of th e  p e t i o l e s  which showed r in g s  when no n i t ro g e n  was a p p l i e d .  When
Table  31. E f f e c t s  o f  a p p l ie d  n i t r o g e n  on the  p e r  c e n t  o f  the  p e t i o l e s  
a t  th e  e a r l y  bloom s ta g e  which e x h ib i te d  c o n c e n t r i c  r i n g s .
N itro g e n  t re a tm e n t  
lb s .  p e r  a c re
Per c e n t  o f  th e  p e t i o l e s  




L.S .D . a t  .05 l e v e l  8 . 6 ,  a t  .01  l e v e l  11 .5 .
60 pounds of n i t r o g e n  was a p p l i e d ,  the  in c r e a s e  in  th e  p e r  cen t r in g e d  
p e t i o l e s  was no t s i g n i f i c a n t .  When compared w ith  th e  e f f e c t s  from th e  
60-pound r a t e ,  90 pounds o f a p p l ie d  n i t ro g e n  gave an in c r e a s e  in  the  
p e r  cen t r in g e d  p e t i o l e s  a t  the  e a r l y  bloom s ta g e  which approached 
s ig n i f i c a n c e .
At th e  e a r l y  b o l l  s ta g e  when boron was n o t a p p l i e d ,  h ig h ly  s i g n i ­
f i c a n t  in c r e a s e s  in  th e  p e r  cen t o f  r in g e d  p e t i o l e s  o ccu rred  when 60 
and 90 pounds o f  n i t r o g e n  were a p p l ie d  (Table  3 0 ) .  In  th e  p re se n c e  of 
a p p l ie d  b o ro n , a p p l ie d  n i t r o g e n  had no s i g n i f i c a n t  e f f e c t  on th e  
o c c u r re n c e  o f r in g e d  p e t i o l e s .  With o r  w i th o u t  a p p l ie d  b o ro n ,  th e  
e f f e c t s  o f  60 and o f 90 pounds o f  a p p l ie d  n i t r o g e n  on th e  o ccu rren c e  
o f  r in g e d  p e t i o l e s  were n o t  s i g n i f i c a n t l y  d i f f e r e n t .
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The e f f e c t s  o f  a p p l ie d  p o ta ss iu m  on th e  development o f  r in g e d  
p e t i o l e s  a r e  shown by d a ta  in  T a b le s  29 and 32 . At th e  e a r l y  bloom 
s t a g e ,  the  a p p l i c a t i o n  o f  p o ta ss iu m  w ith o u t  a p p l ie d  boron was 
accompanied by a  h ig h ly  s i g n i f i c a n t  in c r e a s e  in  th e  pa: c e n t  r in g e d  
p e t i o l e s  a t  the  e a r l y  bloom s ta g e  (T ab le  2 9 ) .  Data in  Tab le  32 show 
t h a t  a p p l ie d  p o ta ss iu m  had no s i g n i f i c a n t  e f f e c t  on th e  in c id e n c e  o f 
r in g e d  p e t i o l e s  a t  t h e  e a r l y  b o l l  s t a g e .
Table  32. E f f e c t s  o f  a p p l ie d  p o ta s s iu m  on th e  p e r  c e n t  o f  th e  p e t i o l e s  
which e x h ib i t e d  c o n c e n t r i c  r in g s  a t  th e  e a r l y  b o l l  s ta g e .
K2O t re a tm e n t P er  c e n t  o f  th e  p e t i o l e s




At th e  e a r l y  b o l l  s t a g e ,  a h ig h ly  s i g n i f i c a n t  n e g a t iv e  c o r r e ­
l a t i o n  c o e f f i c i e n t  o f  - .7 5 0  was found between th e  p e r  c e n t  r in g e d  
p e t i o l e s  and boron c o n c e n t r a t io n  in  th e  p e t i o l e s .  A h ig h ly  s i g n i f i c a n t  
n e g a t iv e  c o r r e l a t i o n  c o e f f i c i e n t  o f  - .8 5 8  was found between th e  p e r  
c e n t  r in g e d  p e t i o l e s  and th e  boron c o n c e n t r a t io n  in  the  l e a f  b l a d e s .
At the  same t im e ,  a h ig h ly  s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  
c o e f f i c i e n t  o f  - .7 9 1  was o b ta in e d  between th e  p e r  c e n t  r in g e d  p e t i o l e s  
and th e  ca lc iu m :b o ro n  r a t i o  in  th e  p e t i o l d s .  A h ig h ly  s i g n i f i c a n t  
n e g a t iv e  c o r r e l a t i o n  c o e f f i c i e n t  o f  - .8 9 1  was found between th e  p e r  
c e n t  r in g e d  p e t i o l e s  and th e  ca lc iu m :b o ro n  r a t i o  in  th e  l e a f  b la d e s  
a t  th e  e a r l y  b o l l  s ta g e .
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On August 9 when th e  f i r s t  f o l i a r  a p p l i c a t i o n  o f  boron was made, 
sq u a re s  w ith  ru p tu re d  n e c t a r i e s  and ru p tu re d  peduncles  were observed 
on p l a n t s  where boron was not a p p l i e d .  L a te r ,  ru p tu re d  pedunc les  o f  
medium-size to  f u l l - s i z e  b o l l s  were observed  on p l a n t s  in  th e s e  p l o t s .  
D is s e c t io n  o f some of th e  a f f e c t e d  m ature b o l l s  r e v e a le d  d a rk e n e d ,  
hard  locks  in  which th e  seed were abnorm ally  sm all  in  s i z e .  At th e  
f i r s t  h a r v e s t ,  l e a f  a b s c i s s io n  was more a p p a re n t  on p l a n t s  which 
re c e iv e d  added boron.
T ab les  33-57 c o n ta in  d a ta  showing th e  r e s u l t s  from th e  e x p e r i ­
ment on Grenada-Calloway s i l t  loam.
Data in  Table  33 show th e  e f f e c t s  o f  th e  a p p l i c a t i o n s  of 
n i t r o g e n ,  p o ta ss iu m  and boron on the  y i e l d  a t  f i r s t  h a r v e s t  and on th e  
t o t a l  y i e l d  o f  c o t to n  on Grenada-Calloway s i l t  loam.
Table 33. E f f e c t s  o f  th e  a p p l i c a t i o n s  o f n i t r o g e n ,  p o ta ss iu m  and boron 
on th e  y i e l d  a t  f i r s t  h a r v e s t  and on th e  t o t a l  y i e l d  o f  seed c o t to n  
on G renada-Callow ay s i l t  loam, P r a i r i e  County , A rk an sas ,  1963.
Treatm ent 
l b s .  p e r  a c re
Lbs. of seed c o t to n p e r  a c re
Y ie ld  a t  
f i r s t  h a r v e s t
T o ta l
y i e l dN p2o5 K20 B
0 60 0 0 839 1070
0 60 0 1.9 1052 1269
0 60 60 0 1013 1330
0 60 60 1.9 1094 1487
60 60 0 0 873 1115
60 60 0 1.9 1143 1360
60 60 60 0 969 1224
60 60 60 1.9 1127 1475
90 60 0 0 938 1127
90 60 0 1.9 1037 1208
90 60 60 0 967 1370
90 60 60 1.9 1080 1370
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The F t e s t s  w ith  th e  d e s ig n a te d  l e v e l s  o f  s ig n i f i c a n c e  f o r  th e  
d a ta  In  Table 33 a r e  p re se n te d  In  Table  34. The d a ta  show t h a t  t h e r e  
was no s i g n i f i c a n t  main e f f e c t  o f  a p p l ie d  n i t r o g e n  on th e  y i e l d  a t  th e  
f i r s t  h a r v e s t  o r  on th e  t o t a l  y i e l d  o f  c o t to n .  However, t h e r e  was 
a s i g n i f i c a n t  I n t e r a c t i o n  between a p p l ie d  n i t ro g e n  and a p p l ie d  boron 
on th e  t o t a l  y i e l d  as e x p la in e d  l a t e r .  More d a ta  which show th e  e f f e c t s  
o f  th e  t r e a tm e n ts  on y i e l d  a r e  g iv e n  in  T a b le s  35-37.
Table 34. F t e s t s  w ith  d e s ig n a te d  le v e l s  o f s ig n i f i c a n c e  fo r  the  d a ta  
in  Table 33.
Source o f v a r i a t i o n
F t e s t  and l e v e l  o f
Y ie ld  a t  
f i r s t  h a r v e s t
s ig n i f i c a n c e  
T o ta l  y i e l d
Blocks 9.352** 20.199**
N itro g en .405 .250
P o tass ium 4.962* 36.797**
Boron 29.483** 26.141**
N x K20 .613 1.553
N x B 1.350 4.017*
K20 x B 1.689 .422
N x K2°  x B .747 .171
* S ig n i f l e a n t  a t  .05 l e v e l  o f  p r o b a b i l i t y .
* * S ig n i f l e a n t  a t  .01  l e v e l  o f  p r o b a b i l i t y .
The d a ta  in  Table 35 show t h a t  a p p l ie d  boron gave a  h ig h ly  
s i g n i f i c a n t  I n c re a s e  o f 157 pounds o f  seed c o t to n  p e r  a c re  a t  th e  f i r s t  
h a r v e s t .  Data showing th e  e f f e c t s  of th e  i n t e r a c t i o n  between a p p l ie d  
n i t r o g e n  and a p p l ie d  boron on th e  t o t a l  y i e l d  a r e  p r e s e n te d  in  Table  36.
As shown by d a ta  in  Table 3 6 ,  a p p l ie d  boron s i g n i f i c a n t l y  
In c re a se d  the  t o t a l  y i e ld  o f seed c o t to n  178 pounds p e r  a c re  when 
no n i t r o g e n  was a p p l ie d  and 248 pounds p e r  a c r e  where th e  p l o t s  were
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f e r t i l i z e d  w i th  60 pounds o f  n i t r o g e n .  Boron had no s i g n i f i c a n t  e f f e c t  
on th e  t o t a l  y i e l d  when a p p l ie d  w ith  90 pounds o f n i t r o g e n .  With or
Table 35 , E f f e c t s  o f  a p p l ie d  boron on th e  y i e l d  a t  f i r s t  h a r v e s t  and 
on th e  t o t a l  y i e l d .
Y ie ld  o f  seed  c o t to n ,  l b s .  p e r  a c re
Boron t re a tm e n t  
l b s .  p e r  a c r e
Y ie ld  a t  




^ S i g n i f i c a n t  a t  th e  .05  l e v e l  o f  p r o b a b i l i t y .
I f  There was a s i g n i f i c a n t  i n t e r a c t i o n  between a p p l ie d  n i t r o g e n  and 
a p p l ie d  boron . See Table  36.
w ith o u t  a p p l ie d  b o ro n , a p p l ie d  n i t r o g e n  d id  no t s i g n i f i c a n t l y  a f f e c t
th e  t o t a l  y i e l d .  In  th e  absence o f  a p p l ie d  boron th e  e f f e c t s  o f  60 and
o f  90 pounds o f  n i t r o g e n  were n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  b u t ,  w i th
Table 36. E f f e c t s  o f  a p p l i c a t i o n s  o f  n i t r o g e n  and boron on th e  t o t a l  
y i e l d .
Boron t re a tm e n t  
l b s .  p e r  ac re
N i t ro g e n ,  l b s .  p e r  a c re  a p p l ie d  
0 60 90
Lbs. seed  c o t to n  p e r  a c re
0 1200 1170 1249
1.9 1378 1418 1289
L.S .D . a t  .03  l e v e l  105, a t  .01  l e v e l  140.
a p p l ie d  bo ron , th e r e  was a s i g n i f i c a n t  d e c re a se  in  th e  t o t a l  y i e l d  w i th  
th e  90-pound r a t e .  A p p aren tly  th e  e x t r a  supp ly  of n i t r o g e n  a c c e n tu a te d
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th e  boron o r  some o th e r  d e f i c i e n c y  (2 0 7 ) .  These d a ta  show t h a t  th e  
e f f e c t i v e n e s s  o f  a p p l ie d  n i t r o g e n  was dependent on a p p l ie d  b o ro n . The 
f a c t  t h a t  w i th  a p p l ie d  boron th e  y i e l d  from 90 pounds o f  n i t r o g e n  was 
s i g n i f i c a n t l y  lower th a n  from 60 pounds s u g g e s ts  t h a t  a d d i t i o n a l  boron 
might have been b e n e f i c i a l  a t  the  90-pound n i t ro g e n  r a t e .  The p o s s i ­
b i l i t y  o f  an in ad eq u a te  supp ly  o f  some o th e r  n u t r i e n t  shou ld  be 
c o n s id e re d .  Drouthy c o n d i t io n s  in  mid to  l a t e  season  and In adequa te  
in s e c t  c o n t r o l  l a t e  in  the  f r u i t i n g  p e r io d  were a l s o  p o s s ib l e  y i e l d -  
l im i t in g  f a c t o r s .
I t  should  be emphasized t h a t  t h e r e  was a r e l a t i v e l y  h igh  
c o n c e n t r a t io n  o f n i t r a t e  n i t r o g e n ,  20 ppm., in  t h i s  s o i l  when samples 
were ta k e n  d u r in g  th e  s e e d l in g  s ta g e  o f th e  c o t to n  p l a n t s .  T h is  could  
have been due t o  th e  r e s i d u a l  e f f e c t s  from th e  a p p l i c a t i o n  o f  65 pounds 
o f n i t r o g e n  p e r  a c re  th e  p re v io u s  y e a r  when a low y i e l d  o f  c o t to n  was 
removed. The breakdown o f  o rg a n ic  m a t te r  which undoubted ly  had accumu­
l a t e d  under s e v e r a l  p re v io u s  y e a r s  of sod cropp ing  may have c o n t r ib u te d  
to  th e  a v a i l a b l e  n i t r o g e n .
The e f f e c t s  o f  a p p l ie d  p o ta ss iu m  on the  f i r s t  h a r v e s t  and t o t a l
y i e l d s  a r e  p r e s e n te d  in  Table  37. Data in  Table  37 show t h a t  th e
Table 37. E f f e c t s  o f  a p p l ie d  p o ta ss iu m  on th e  y i e ld  a t  f i r s t  h a r v e s t  
and on the  t o t a l  y i e l d .
Y ie ld  of seed  c o t t o n , l b s .  p e r  a c r e
K2O tre a tm e n t  
l b s .  p e r  a c re
Y ie ld  a t  
f i r s t  h a r v e s t T o ta l  y i e l d
0 979 1192
60 1042* 1376**
^ S i g n i f i c a n t  a t  .05  
* * S ig n i f l e a n t  a t  .01
l e v e l  o f  p r o b a b i l i t y ,  
l e v e l  o f  p r o b a b i l i t y .
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a p p l i c a t i o n  o£ p o ta ss iu m  produced a  s i g n i f i c a n t  in c r e a s e  in  th e  y i e l d  
a t  th e  f i r s t  h a r v e s t  and a  h ig h ly  s i g n i f i c a n t  in c r e a s e  o f  184 pounds 
in  the  t o t a l  y i e l d .  These r e s u l t s  could have been expec ted  in  view 
o f  th e  r e l a t i v e l y  low e x t r a c t a b l e  p o ta ss iu m  c o n c e n t r a t i o n ,  80 ppm. t 
in  th e  s o i l .  These r e s u l t s  a r e  in  agreem ent w i th  th o se  of Ricaud 
and S tu rg i s  (171) who r e p o r te d  t h a t  a l l u v i a l  and P le i s to c e n e  t e r r a c e  
s o i l s  were r e sp o n s iv e  t o  a d d i t i o n s  o f  p o ta ss iu m  when th e  l e v e l  o f  
e x t r a c t a b l e  s o i l  p o ta s s iu m  was below 110 ppm.
As shown by d a ta  in  T ab le  3 8 , th e  boron c o n c e n t r a t io n  in  
th e  s e e d l in g s  and in  th e  p e t i o l e s  a t  the  e a r l y  square  and e a r l y  b o l l  
s ta g e s  was a f f e c t e d  by a s i g n i f i c a n t  i n t e r a c t i o n  between a p p l ie d  
boron and a p p l ie d  n i t r o g e n  which i s  shown by d a t a  in  T ab les  39 and 40 .
Table  38. E f f e c t s  o f  a p p l ie d  boron on th e  boron  c o n c e n t r a t io n  in  
c o t to n  p la n t  t i s s u e s  a t  f iv e  s ta g e s  o f  m a tu r i t y .
S tage  o f m a tu r i ty
P la n t
t i s s u e
Boron
tre a tm e n t
Seed­
l in g
E a r ly
squ are
E a r ly
bloom
E a r ly
b o l l
Medium
b o l l
E n t i r e
s e e d l in g
No boron 




Leaf No boron 4 .9 1.7 13.6 11.2




^ S i g n i f i c a n t  a t  th e  .01  l e v e l  o f  p r o b a b i l i t y .
,1/ There was a s i g n i f i c a n t  i n t e r a c t i o n  between a p p l ie d  boron and 
a p p l ie d  n i t r o g e n .  See T ab le s  39 and 40.
2 /  There was a s i g n i f i c a n t  second o r d e r  i n t e r a c t i o n  between a p p l ie d  
b o ro n , a p p l ie d  n i t r o g e n  and a p p l ie d  p o ta ss iu m .
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Table  39. E f f e c t s  o f  a p p l ie d  n i t r o g e n  and a p p l ie d  boron on th e  boron 
c o n c e n t r a t io n  In th e  s e e d l in g s .
N itro g e n , l b s .  p e r  a c re  a p p l ie d
Boron t re a tm e n t 0 60 90
Boron c o n c e n t r a t i o n ,  ppm.
No boron 20.3 21.9 27 .7
A pplied  boron 31 .4 3 8 .2  34 .5
L.S .D . a t  .05  l e v e l  5 .1 ,  a t .01  l e v e l  6 .7 .
At each l e v e l  o f  n i t r o g e n  a p p l ie d  boron gave a h ig h ly  s i g n i f i c a n t  
in c r e a s e  in  th e  boron c o n c e n t r a t io n  in  th e  s e e d l in g s  (T ab le  39) and
In th e  p e t i o l e s  a t  th e  e a r l y  sq u a re  s ta g e  (T ab le  4 0 ) .
Table  40 . E f f e c t s  o f a p p l ie d  n i t r o g e n  and a p p l ie d  boron on th e  boron
c o n c e n t r a t io n  in  th e  p e t i o l e s  a t  th e  e a r l y  squ are  s ta g e .
N i t ro g e n ,  lb s .  p e r  a c re  a p p l ie d  
Boron t re a tm e n t  0 60 90
Boron c o n c e n t r a t i o n ,  ppm.
No boron 4 .6  4 .8  5 .3
A pplied  boron 10.9 9 .3  9 .6
L.S.D. a t  .05  l e v e l  1 .1 ,  a t  .01 l e v e l  1 .5 .
As in d ic a te d  in  Tab le  38 , t h e r e  was a s i g n i f i c a n t  second o rd e r  
I n t e r a c t i o n  In v o lv in g  n i t r o g e n ,  p o ta ss iu m  and boron on the  boron 
c o n c e n t r a t io n  in  th e  l e a f  p e t i o l e s  a t  the  medium b o l l  s ta g e .
Data in  Table 39 show t h a t ,  depending on the  r a t e  o f  a p p l ie d  
n i t r o g e n ,  added boron in c re a se d  th e  boron c o n c e n t r a t io n  in  the  seed ­
l in g s  from a range o f  20.3 th ro u g h  27 .7  ppm. to  a  range o f  31 .4
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th rough  38 .2  ppm. A pplied  boron In c re a se d  the  boron c o n c e n t r a t io n  In 
th e  p e t i o l e s  a t  th e  e a r l y  sq u are  s ta g e  from a range  o f  4 .6  th rough  
5 ,3  ppm. to  a range  o f  9 .3  th ro u g h  10.9 ppm. (Table  4 0 ) .  The a p p l i ­
c a t io n  o f  boron in c re a se d  th e  boron c o n c e n t r a t io n  in  th e  p e t i o l e s  from 
1.7 to  10.9 ppm. a t  th e  e a r l y  bloom s ta g e  and from 13.6 t o  22 .4  ppm. 
a t  th e  e a r l y  b o l l  s t a g e .  The ex trem ely  low boron c o n c e n t r a t io n ,  1 .7  
ppm., a t  th e  e a r l y  bloom s ta g e  (T ab le  38) may be e x p la in e d  in  p a r t  by 
th e  e x c e p t io n a l ly  low m o is tu re  c o n d i t io n  in  th e  s o i l  a t  th e  tim e of 
sam pling . Only a  t r a c e  o f  r a i n f a l l  o c c u r re d  from June 20 t o  J u ly  13,
When th e s e  samples were c o l l e c t e d  b e fo re  th e  r a i n  on J u ly  13, the
leav es  were w i l t e d ,  and n i t r o g e n  d e f i c i e n c y  symptoms were v i s i b l e  in  
p l o t s  where no n i t r o g e n  was a p p l ie d .  The r e l a t i v e l y  low v a lu e s  o f 4 .6  
to  9 .6  ppm, o f  boron in  th e  p e t i o l e s  a t  th e  e a r l y  square  s ta g e  were 
n o t  l i k e l y  r e l a t e d  to  low s o i l  m o is tu re  s in c e  th e  samples were c o l l e c te d
on ly  e ig h t  days a f t e r  a 1 ,6 - in c h  r a i n  on June 20.
The f a c t  t h a t  a p p l ie d  boron in c re a se d  th e  boron c o n c e n t r a t io n  
in  th e  s e e d l in g s  by about 50 p e r  cen t and th a t  no boron t o x i c i t y  
symptoms were observed  in  p l o t s  t r e a t e d  w ith  boron  su g g es t  t h a t  th e r e  
was a d e f i c i e n t  l e v e l  of a v a i l a b l e  boron  in  th e  s o i l  a t  th e  s e e d l in g  
s t a g e .  As e a r l y  as  th e  e a r l y  bloom s ta g e ,  36 p e r  cen t  o f  th e  p e t i o l e s  
from p l o t s  which d id  n o t  r e c e iv e  boron showed c o n c e n t r ic  r in g s  (Table  
3 6 ) .  This r e s u l t  and th e  y i e l d  r e s u l t s  a r e  s tro n g  ev idence  t h a t  th e  
boron c o n c e n t r a t io n  o f  4 .6  to  5 .3  ppm. in  th e  p e t i o l e s  a t  th e  e a r ly  
square  s ta g e  (T ab le  40) and th e  c o n c e n t r a t io n  o f  13.6 ppm. of boron in  
th e  p e t i o l e s  a t  th e  e a r l y  b o l l  s ta g e  r e p re s e n te d  d e f i c i e n c y  l e v e l s .
At th e  e a r l y  b o l l  s ta g e  t h e r e  i s  a q u e s t io n  as t o  w hether o r  
n o t th e  boron c o n c e n t r a t io n  o f 22 .4  ppm. (T ab le  38) in  th e  p e t i o l e s
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from p l o t s  which r e c e iv e d  boron r e p re s e n te d  an adequa te  supp ly  o f  
boron . At t h i s  s ta g e  su sp e c te d  boron d e f i c i e n c y  symptoms were 
observed  on as  h igh  as  21 p e r  cen t o f  th e  p e t i o l e s  from p l o t s  where 
boron had been a p p l i e d ,  a s  shown by d a ta  in  Table  57. Even a t  a boron 
c o n c e n t r a t io n  o f  22 .4  ppm. in  th e  p e t i o l e s ,  t h e r e  may have been 
i n s u f f i c i e n t  boron f o r  b e s t  growth and developm ent o f  th e  c o t to n  
p l a n t s .
The e f f e c t s  o f  a p p l ie d  n i t r o g e n  on th e  boron  c o n c e n t r a t io n  in  
th e  p l a n t  t i s s u e s  a r e  shown by d a ta  in  Table 41. There was a 
s i g n i f i c a n t  i n t e r a c t i o n  between a p p l ie d  n i t ro g e n  and a p p l ie d  boron on
Table 4 1 . E f f e c t s  o f  a p p l ie d  n i t r o g e n  on th e  boron c o n c e n t r a t io n  o f  
th e  c o t to n  p l a n t  t i s s u e s  a t  t h r e e  s ta g e s  o f  m a tu r i ty .
P la n t
t i s s u e
N itro g e n  
t re a tm e n t  
lb s .  p e r  ac re
S tage  o f m a tu r i ty
S e e d lin g  E a r ly  square E a r ly  b o l l
Boron c o n c e n t r a t i o n , ppm.
E n t i r e 0 25.9
s e e d l in g 60 30 .0
90 3 1 .1
1/
Leaf 0 7.8 17.8
p e t i o l e s 60 7 .1 17.4
90 7 .4 18.7
1 / N.S.
1/  There was a s i g n i f i c a n t  i n t e r a c t i o n  between a p p l ie d  n i t r o g e n  and 
a p p l ie d  boron . See Table  39.
2 /  There was a s i g n i f i c a n t  i n t e r a c t i o n  between a p p l ie d  n i t r o g e n  and 
a p p l ie d  boron. See Table  40 .
th e  boron c o n c e n t r a t io n  in  th e  s e e d l in g s  and in  the  l e a f  p e t i o l e s  a t  
th e  e a r l y  square  s ta g e .  Data in  Table  39 show t h a t  90 pounds p e r  a c re  
o f  a p p l ie d  n i t r o g e n  w ith o u t  a p p l ie d  boron s i g n i f i c a n t l y  In c re a se d  th e
103
boron c o n c e n t r a t io n  in  the  s e e d l in g s  w h ile  60 pounds o f  a p p l ie d  
n i t r o g e n  had no s i g n i f i c a n t  e f f e c t .  With a p p l ie d  boron 60 pounds o f  
a p p l ie d  n i t r o g e n  gave a h ig h ly  s i g n i f i c a n t  I n c re a s e  in  th e  boron 
c o n c e n t r a t io n  in  th e  s e e d l in g s  and 90 pounds o f  a p p l ie d  n i t r o g e n  had 
no s i g n i f i c a n t  e f f e c t .  When boron was no t a p p l i e d , th e  in c r e a s e  in  
th e  boron c o n c e n t r a t io n  in  th e  s e e d l in g s  from th e  90-pound r a t e  of 
n i t r o g e n  was s i g n i f i c a n t l y  g r e a t e r  th a n  from 60 pounds o f  a p p l ie d  
n i t r o g e n ,  b u t ,  w i th  a p p l ie d  b o ro n ,  th e  e f f e c t s  from th e  two r a t e s  were 
n o t  s i g n i f i c a n t l y  d i f f e r e n t .  In  th e  two c a se s  above , a p p l ie d  n i t r o g e n  
a p p a r e n t ly  enhanced boron  u p tak e  by th e  s e e d l in g s .  Whether t h i s  
e f f e c t  was due to  a more e x te n s iv e  ro o t  system  o r  w he ther  n i t r o g e n  
a p p l i c a t i o n  ren d ered  more s o i l  boron a v a i l a b l e  i s  an i n t e r e s t i n g  
c o n s id e r a t i o n .
Data in  Table  40 show t h a t  a p p l ie d  n i t r o g e n  w i th o u t  a p p l ie d  
boron d id  no t s i g n i f i c a n t l y  a f f e c t  th e  boron c o n c e n t r a t io n  in  th e  
p e t i o l e s  a t  th e  e a r l y  sq u are  s t a g e .  However, w i th  a p p l ie d  boron  b o th  
th e  60 and 90-pound r a t e s  o f  a p p l ie d  n i t r o g e n  s i g n i f i c a n t l y  d e c re a se d  
th e  boron c o n c e n t r a t io n  in  the  p e t i o l e s .  With o r w i th o u t  a p p l ie d  boron 
60 and 90 pounds of a p p l ie d  n i t r o g e n  had no s i g n i f i c a n t l y  d i f f e r e n t  
e f f e c t s  on th e  boron c o n c e n t r a t io n  in  th e  p e t i o l e s  a t  th e  e a r l y  squ are  
s ta g e .  N e i th e r  r a t e  o f  a p p l ie d  n i t r o g e n  had a s i g n i f i c a n t  e f f e c t  on 
th e  boron  c o n c e n t r a t io n  in  th e  p e t i o l e s  a t  th e  e a r l y  b o l l  s ta g e  
(T ab le  4 1 ) .
As shown by d a t a  in  Table 4 2 ,  a p p l ie d  p o ta ss iu m  had no s i g n i ­
f i c a n t  e f f e c t  on th e  boron c o n c e n t r a t io n  in  th e  s e e d l in g s  o r  on i t s  
c o n c e n t r a t io n  in  the  p e t i o l e s  a t  th e  e a r l y  sq u are  and e a r l y  b o l l  
s t a g e s .
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Table 42 . E f f e c t s  of a p p l ie d  p o ta ss iu m  on th e  boron c o n c e n t r a t io n  in  
c o t to n  p l a n t  t i s s u e s  a t  t h r e e  s ta g e s  o f  m a tu r i ty .
S tage  o f m a tu r i ty  
P la n t  K2O tre a tm e n t  1 ' . . . . ,
t i s s u e  lb s .  p e r  a c re  S eed lin g  E a r ly  square  E a r ly  b o l l
E n t i r e 0 23 .3
s e e d l in g 60 3 4 .7
N.S.
Leaf
p e t i o l e s 0 4 .9 13.6
60 9 .9 22 .4
N.S. N.S.
Data in  Table  43 show th e  e f f e c t s  o f  a p p l ie d  boron on th e  
c o n c e n t r a t io n s  o f o rg a n ic  n i t r o g e n  and n i t r a t e  n i t r o g e n  in  th e  l e a f  
p e t i o l e s  a t  two s ta g e s  o f  m a tu r i t y .  A pplied  boron gave a h ig h ly  s i g n i ­
f i c a n t  d e c re a se  in  th e  p e r  c e n t  o rg a n ic  n i t r o g e n  in  th e  p e t i o l e s  a t  
b o th  th e  e a r l y  sq u are  and e a r l y  b o l l  s t a g e s .  A pplied boron may have 
enhanced th e  movement o f  n i t r o g e n  from the  l e a f  p e t i o l e s  t o  o th e r  p la n t
Table 43 . E f f e c t s  of a p p l ie d  boron on th e  c o n c e n t r a t io n s  o f  o rg a n ic  
n i t r o g e n  and n i t r a t e  n i t r o g e n  in  th e  p e t i o l e s  a t  two s ta g e s  of 
m a tu r i ty .
S tage  o f  
m a tu r i ty Boron t re a tm e n t
O rganic  n i t r o g e n  
p e r  cen t
N i t r a t e  n i t r o g e n  
ppm.
E a r ly No boron 2.14 21,133
square A pplied  boron 2.08** 21,915*
E a r ly No boron 1.99 3,841
b o l l A pplied  boron 1.79** 3 ,314
N.S.
^ S i g n i f i c a n t  a t  th e  .05  l e v e l  o f  p r o b a b i l i t y .  
^ S i g n i f i c a n t  a t  th e  .01  l e v e l  o f  p r o b a b i l i t y .
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p a r t s .  A pplied  boron s i g n i f i c a n t l y  in c re a s e d  th e  n i t r a t e  n i t r o g e n  
c o n c e n t r a t io n  In  th e  p e t i o l e s  on ly  a t  t h e  e a r l y  squ are  s ta g e .  T h is  
in c r e a s e  in  th e  n i t r a t e  n i t r o g e n  c o n c e n t r a t io n  in  th e  p e t i o l e s  i s  in  
agreement w i th  Wadleigh and S h iv e 's  r e p o r t  (220) t h a t  boron in c re a se d  
th e  n i t r a t e  n i t r o g e n  c o n c e n t r a t io n  in  th e  stem  a p ic e s  o f  c o t to n  
p l a n t s .
As shown by d a ta  in  Table 4 4 , a p p l ie d  boron r e s u l t e d  in  a 
s i g n i f i c a n t  d e c re a se  in  the  p e r  cen t p o tass iu m  in  th e  p e t i o l e s  a t  both  
th e  e a r l y  sq u are  and th e  e a r l y  b o l l  s t a g e s .
Table  44 . E f f e c t s  of a p p l ie d  boron on th e  c o n c e n t r a t io n s  o f p o ta ss iu m  
and ca lc iu m  in  l e a f  p e t i o l e s  a t  two s ta g e s  o f  m a tu r i ty .
S tage  o f  
m a tu r i ty Boron t re a tm e n t
P o tass ium  
p e r  cen t
Calcium 
p e r  cen t
E a r ly No boron 5 .35 3.23
square A pplied  boron 5.07* 3.49
1/
E a r ly No boron 3 .4 0 2.26
b o l l A pplied  boron 2.98** 2 .31
1/
♦ S ig n i f i c a n t  a t  the  .05  l e v e l  o f  p r o b a b i l i t y .
^ S i g n i f i c a n t  a t  the .0 1  l e v e l  of p r o b a b i l i t y .
1/  There was a s i g n i f i c a n t  i n t e r a c t i o n  between the  e f f e c t s  o f  a p p l ie d  
n i t r o g e n  and a p p l ie d  boron . See Tab les  45 and 46.
Data in  Table  45 show t h a t  a t  th e  e a r l y  sq u are  s ta g e  a p p l ie d  
boron gave a h ig h ly  s i g n i f i c a n t  in c r e a s e  in  th e  p e r  cen t  ca lc iu m  in  
th e  p e t i o l e s  when no n i t r o g e n  was a p p l ie d  and when 60 pounds p e r  a c re  
of n i t r o g e n  was a p p l ie d .
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Table 45 . E f f e c t s  o f  a p p l ie d  n i t ro g e n  and a p p l ie d  boron on th e  
p e r  cen t ca lc iu m  i n  th e  p e t i o l e s  a t  th e  e a r l y  square  s ta g e .
S D a s B B S B a n B s s n e s n B a o O T B a m B m H B a B M B m a B
N it ro g e n ,  l b s .  p e r  a c re  a p p l ie d  
Boron t r e a tm e n t  0 60 90
Per c e n t  ca lc ium  
No boron 3 .2 2  3 .2 4  3 .23
A pplied  boron 3 .6 0  3 .5 2  3 .34
L.S.D . a t  .05  l e v e l  0 .1 3 ,  a t  .01  l e v e l  0 .1 7 .
Data in  T ab le  46 show t h a t  a t  th e  e a r l y  b o l l  s ta g e  a p p l ie d  boron 
s i g n i f i c a n t l y  in c re a s e d  th e  p e r  cen t  ca lc iu m  in  th e  p e t i o l e s  on ly  when 
no n i t ro g e n  was a p p l i e d .
Table 46. E f f e c t s  o f  a p p l ie d  n i t ro g e n  and a p p l ie d  boron on th e  
p e r  cen t  ca lc iu m  in  th e  p e t i o l e s  a t  th e  e a r l y  b o l l  s ta g e .
N i t ro g e n ,  lb s .  p e r  a c re a p p l ie d
Boron t re a tm e n t 0 60 90
P er cen t ca lc ium
No boron 2 .2 1  2 .26 2 .30
A pplied  boron 2.36 2 .36 2 .22
L.S.D . a t  .05  l e v e l  0 .1 2 ,  a t .0 1  l e v e l  0 .16
A pplied  n i t r o g e n  had no s i g n i f i c a n t  e f f e c t  on the  per  cen t 
o rg a n ic  n i t r o g e n  in  th e  p e t i o l e s  a t  th e  e a r l y  squ are  s ta g e  as  shown by 
d a ta  in  Table  47. However, a t  the  e a r l y  b o l l  s ta g e  h ig h ly  s i g n i f i c a n t  
in c r e a s e s  o ccu rred  in  th e  p e r  c e n t  o rg a n ic  n i t r o g e n  when bo th  60 and 
90 pounds o f  n i t r o g e n  were a p p l i e d .  There was no s i g n i f i c a n t  d i f f e r e n c e
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between th e  e f f e c t s  o f  60 and o f 90 pounds of n i t r o g e n  on th e  p e r  c e n t  
o rg a n ic  n i t r o g e n  in  th e  p e t i o l e s .
Table  47 . E f f e c t s  o f  a p p l ie d  n i t r o g e n  on th e  p e r  c e n t  o rg a n ic  n i t r o g e n  
in  the  p e t i o l e s  a t  two s ta g e s  o f  m a tu r i ty .
N itro g e n  t re a tm e n t  
l b s .  p e r  a c re
S tage of m a tu r i ty
E a r ly  squ are E a r ly  b o l l
Per c e n t  o rg a n ic n i t ro g e n
0 2 .1 0 1.78
60 2 .12 1.96
90 2 .1 1 1.93
N.S. 0 .07* 0 .10**
^ S i g n i f i c a n t  a t  th e  .05  l e v e l  o f  p r o b a b i l i t y .  
* * S ig n i f i c a n t  a t  th e  .01  l e v e l  o f p r o b a b i l i t y .
Data in  Table  48 show t h a t  the  a p p l i c a t i o n  o f  60 and 90 pounds 
o f  n i t r o g e n  gave h ig h ly  s i g n i f i c a n t  in c r e a s e s  in  th e  n i t r a t e  concen­
t r a t i o n  in  th e  p e t i o l e s  a t  bo th  th e  e a r l y  square  and e a r l y  b o l l  s t a g e s .
Table 48. E f f e c t s  o f a p p l ie d  n i t r o g e n  on the  n i t r a t e  n i t r o g e n  concen­
t r a t i o n  in  the  l e a f  p e t i o l e s  a t  two s ta g e s  of m a tu r i ty .
Stage o f m a tu r i ty
N itro g e n  t re a tm e n t  
Lbs. p e r  a c r e E a r ly  squ are E a r ly  b o l l
0
N i t r a t e  n i t r o g e n ,  ppm. 
18,719 2 ,289
60 22,900 4 ,056
90 22,954 4 ,389
937* 1249** 1/
^ S i g n i f i c a n t  a t  th e  .05  l e v e l  o f  p r o b a b i l i t y .
^ S i g n i f i c a n t  a t  th e  .01  l e v e l  o f  p r o b a b i l i t y .
1/  There was a s i g n i f i c a n t  i n t e r a c t i o n  between th e  e f f e c t s  o f  a p p l ie d  
n i t r o g e n  and a p p l ie d  p o ta ss iu m . See Table  49.
108
At th e  e a r l y  sq u are  s t a g e ,  th e  In c re a s e  In  th e  n i t r a t e  n i t r o g e n  
c o n c e n t r a t io n  in  th e  p e t i o l e s  from 90 pounds o f  a p p l ie d  n i t r o g e n  was 
s i g n i f i c a n t l y  g r e a t e r  th a n  th e  in c r e a s e  from th e  60-pound n i t r o g e n  
r a t e .
Data in  Table  49 show t h a t  a t  the  e a r l y  b o l l  s ta g e  a p p l ie d  
n i t r o g e n  w i th o u t  a p p l ie d  p o ta ss iu m  had no s i g n i f i c a n t  e f f e c t  on th e  
n i t r a t e  n i t r o g e n  c o n c e n t r a t io n  in  th e  p e t i o l e s .  Both 60 and 90 
pounds o f  a p p l ie d  n i t r o g e n  w i th  a p p l ie d  p o ta ss iu m  gave h ig h ly  s i g n i ­
f i c a n t  I n c re a s e s  in  th e  n i t r a t e  n i t r o g e n  c o n c e n t r a t io n  in  th e  p e t i o l e s .
T ab le  4 9 . E f f e c t s  o f  a p p l ie d  n i t r o g e n  and a p p l ie d  p o ta ss iu m  on th e  
n i t r a t e  n i t r o g e n  c o n c e n t r a t io n  in  th e  p e t i o l e s  a t  th e  e a r l y  b o l l  
s t a g e .
s s s s ^ s s B B a s a s a B B s s B a B B s a s i a B B B B B K B a B a a e B a E
N it ro g e n ,  l b s .  p e r  a c r e  a p p l ie d  
K2O t re a tm e n t  — . — ■—
lb s .  p e r  a c re  0 60 90
N i t r a t e  n i t r o g e n ,  ppm.
0 2789 3149 3721
60 1790 3963 5056
L.S .D . a t  .05  l e v e l  1084, a t  .0 1  l e v e l  1444.
Both 60 and 90 pounds o f a p p l ie d  n i t r o g e n  w i th  a p p l ie d  p o ta ss iu m  gave 
h ig h ly  s i g n i f i c a n t  i n c r e a s e s  in  the  n i t r a t e  n i t r o g e n  c o n c e n t r a t io n  in  
th e  p e t i o l e s  a t  th e  e a r l y  b o l l  s t a g e .  When p o ta ss iu m  was a p p l i e d ,  th e  
90-pound r a t e  o f  n i t r o g e n  gave a h ig h ly  s i g n i f i c a n t  In c re a s e  in  the 
n i t r a t e  n i t r o g e n  c o n c e n t r a t io n  in  th e  p e t i o l e s  as  compared w i th  the  
e f f e c t  of the  60-pound r a t e  o f  n i t r o g e n .
The e f f e c t s  o f  a p p l ie d  n i t r o g e n  on th e  p o ta ss iu m  and ca lc iu m  
c o n c e n t r a t io n s  in  th e  l e a f  p e t i o l e s  a t  two s ta g e s  of m a tu r i ty  a r e  shown 
by d a ta  in  Table  50. At th e  e a r l y  sq u a re  s t a g e ,  a s i g n i f i c a n t
109
I n t e r a c t i o n  between a p p l ie d  n i t r o g e n  and a p p l i e d  p o ta ss iu m  a f f e c t e d  
th e  p e r  cen t  p o ta ss iu m  in  th e  p e t i o l e s .  More d a ta  on th e s e  e f f e c t s
Table  50. E f f e c t s  o f  a p p l ie d  n i t ro g e n  on th e  p o ta ss iu m  and ca lc ium  
c o n c e n t r a t io n s  in  th e  p e t i o l e s  a t  two s ta g e s  o f  m a tu r i ty .
N itro g e n  t re a tm e n t P o tass iu m Calcium
S tage  o f m a tu r i ty l b s .  p e r  a c re p e r  c e n t p e r  cen t
E a r ly  square 0 5.09 3 .4 1
60 5 .17 3 .38
90 5 .37 3 .2 8
1/ 2/
E a r ly  b o l l 0 3 .08 2 .28
60 3 .1 7 2 .3 1
90 3 .23 2 .2 6
N.S. 2/
1/ There was a  s i g n i f i c a n t  i n t e r a c t i o n  between a p p l ie d  n i t r o g e n  and 
a p p l ie d  p o ta ss iu m . See Table 51.
2 /  There was a s i g n i f i c a n t  i n t e r a c t i o n  between a p p l ie d  n i t r o g e n  and 
a p p l ie d  b o ro n . See T ab le s  45 and 46.
a r e  p r e s e n te d  in  Table  51. At b o th  th e  e a r l y  sq u are  and e a r l y  b o l l  
s ta g e s  a s i g n i f i c a n t  i n t e r a c t i o n  between a p p l ie d  n i t ro g e n  and a p p l ie d
Table  51. E f f e c t s  o f  a p p l ie d  n i t r o g e n  and a p p l ie d  p o ta ss iu m  on th e  
p e r  c e n t  p o ta ss iu m  in  th e  p e t i o l e s  a t  th e  e a r l y  sq u are  s tage*
N i t ro g e n ,  l b s .  p e r  a c re  a p p l ie d
K2O tre a tm e n t  ------------------------------------------------------
l b s .  p e r  a c re  0 60 90
P er  c e n t  p o ta ss iu m  
0 3 .98  4 .2 3  4 .69
60 6 .1 9  6 .12  6 .0 5
L .S .D . a t  .0 5  l e v e l  0 .4 7 .  a t  .0 1  l e v e l  0 .6 3 .
boron a f f e c t e d  th e  p e r  c e n t  ca lc iu m  in  th e  p e t i o l e s  as  was shown by 
d a ta  in  Tab les  45 and 46 .
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Data In  Table  51 show t h a t  w i th o u t  a p p l ie d  p o ta ss iu m  90 pounds 
o f  a p p l ie d  n i t r o g e n  gave a h ig h ly  s i g n i f i c a n t  in c r e a s e  in  th e  p e r  
cen t  p o tass iu m  in  th e  p e t i o l e s  a t  th e  e a r l y  sq u a re  s ta g e .  A pplied  
n i t ro g e n  w ith  a p p l ie d  p o ta ss iu m  had no s i g n i f i c a n t  e f f e c t  on th e  
p o ta ss iu m  in  th e  p e t i o l e s .
As shown by d a ta  in  Tab le  4 5 ,  th e  a p p l i c a t i o n  of n i t r o g e n  w ith o u t  
a p p l ie d  boron d id  n o t  a f f e c t  th e  p e r  c e n t  ca lc iu m  in  the  p e t i o l e s  a t  
th e  e a r l y  square  s ta g e .  However, w i th  a p p l ie d  boron 90 pounds o f 
a p p l ie d  n i t r o g e n  s i g n i f i c a n t l y  d e c re a se d  the  p e r  c e n t  ca lc ium  in  th e  
p e t i o l e s .  When compared w ith  th e  e f f e c t  o f  th e  60-pound r a t e  o f  
n i t r o g e n ,  90 pounds o f  a p p l ie d  n i t r o g e n  r e s u l t e d  in  a h ig h ly  s i g n i f i ­
can t d e c re a se  in  th e  p e r  c e n t  ca lc iu m  in  th e  p e t i o l e s  a t  th e  e a r l y  
sq u are  s ta g e .
As p r e v io u s ly  shown by d a ta  In Table 4 6 , a p p l ie d  n i t ro g e n  
w i th o u t  a p p l ie d  boron d id  not s i g n i f i c a n t l y  a f f e c t  the p e r  cen t  ca lc ium  
in  th e  p e t i o l e s  a t  th e  e a r l y  b o l l  s t a g e .  With a p p l ie d  boron 90 pounds 
o f n i t r o g e n  s i g n i f i c a n t l y  d e c re a se d  th e  p e r  cen t ca lc ium  in  th e  
p e t i o l e s ,  bu t 60 pounds o f  a p p l ie d  n i t r o g e n  had no s i g n i f i c a n t  e f f e c t .  
The g e n e ra l  e f f e c t  o f  a p p l ie d  n i t r o g e n  was to  d e c re a se  th e  p e r  cen t 
ca lc iu m  in  th e  p e t i o l e s  when boron was a p p l ie d  and to  show no e f f e c t  
on th e  per  cen t ca lc ium  in  th e  p e t i o l e s  when boron was no t a p p l i e d .
Data In  Table  52 show t h a t  a p p l ie d  p o ta ss iu m  s i g n i f i c a n t l y  
a f f e c t e d  the  n i t r a t e  c o n c e n t r a t io n  in  th e  p e t i o l e s  o n ly  a t  th e  e a r l y  
b o l l  s ta g e  when th e r e  was a s i g n i f i c a n t  i n t e r a c t i o n  between a p p l ie d  
n i t r o g e n  and a p p l ie d  p o ta s s iu m . Data p r e v io u s ly  p r e s e n te d  in  Table  45 
show t h a t  a p p l ie d  p o ta ss iu m  w ith  90 pounds o f  a p p l ie d  n i t r o g e n  
s i g n i f i c a n t l y  in c re a se d  th e  n i t r a t e  n i t r o g e n  c o n c e n t r a t io n  in  th e
I l l
p e t i o l e s .  The in c r e a s e d  n i t r a t e  n i t r o g e n  c o n c e n t r a t i o n  in  th e  
p e t i o l e s  from a p p l i e d  p o ta s s iu m  when 90 pounds o f  n i t r o g e n  was a p p l i e d  
may have i n t e n s i f i e d  th e  boron d e f i c i e n c y  ( 7 5 ,  2 0 7 ) .
Table  52 . E f f e c t s  o f  a p p l ie d  p o ta s s iu m  on th e  c o n c e n t r a t io n s  o f 
o rg a n ic  n i t r o g e n  and n i t r a t e  n i t r o g e n  in  l e a f  p e t i o l e s  a t  two 
s ta g e s  o f  m a t u r i t y .
S tage  o f m a tu r i ty
K2O t re a tm e n t  
l b s .  p e r  a c re
O rganic  
n i t r o g e n  
p e r  c e n t
N i t r a t e  
n i t r o g e n  
p e r  c e n t
E a r ly  sq u a re 0 2.13 21,170
60 2.09 21,878
N .S. NN.S.
E a r ly  b o l l 0 1.89 3,553
60 1.89 3 ,603
N.S. 1/
1/  There was a s i g n i f i c a n t  i n t e r a c t i o n  between a p p l ie d  n i t r o g e n  and 
a p p l i e d  p o ta s s iu m .  See T a b le  49.
Data in  Tab le  53 show t h a t  a p p l i e d  p o ta s s iu m  s i g n i f i c a n t l y  
in c r e a s e d  th e  p e r  c e n t  p o ta s s iu m  in  th e  p e t i o l e s  from 4 .3 0  t o  6 .1 2  
p e r  cen t a t  th e  e a r l y  sq u a re  s ta g e  and from 2 .43  t o  3 .8 9  p e r  c e n t  a t  
th e  e a r l y  b o l l  s t a g e .  The v a l u e ,  4 .3 0  p e r  c e n t  p o ta s s iu m ,  in  th e  
p e t i o l e s  a t  th e  e a r l y  sq u are  s t a g e  from p l o t s  which r e c e iv e d  no 
p o ta s s iu m  may have r e p r e s e n te d  a  d e f i c i e n t  l e v e l  in  th e  p l a n t s  a c c o rd ­
ing to  F u llm er  and Strom berg ( 6 0 ) .  H igh ly  s i g n i f i c a n t  d e c re a s e s  in  
th e  p e r  c e n t  c a lc iu m  in  th e  p e t i o l e s  o c c u r re d  a t  b o th  th e  e a r l y  sq u are  
and e a r l y  b o l l  s t a g e s  when p o ta s s iu m  was a p p l i e d .  T h is  d e p r e s s iv e  
e f f e c t  o f  a p p l i e d  p o ta s s iu m  on th e  ca lc iu m  c o n c e n t r a t i o n  and th e  
d e p r e s s iv e  e f f e c t  o f  90 pounds o f a p p l i e d  n i t r o g e n  when boron  was added 
(T a b le s  45 and 46) may be r e l a t e d  to  th e  y i e l d  d e c re a s e s  t h a t  have been
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r e p o r te d  from th e  s e p a r a te  and combined a p p l i c a t i o n s  o f  n i t r o g e n  and 
p o ta ss iu m  In  th e  absence  of a p p l ie d  boron (7 5 ,  2 2 9 ) .  However, inasmuch 
as th e  d e c re a se  in  th e  p e r  cen t ca lc iu m  caused a d e c re a se  in  th e  
c a lc iu m :b o ro n  r a t i o ,  th e  r e s u l t s  a r e  i n c o n s i s t e n t  w ith  r e p o r t s  t h a t  
b o r o n -d e f i c i e n t  p l a n t s  have shown h ig h e r  ca lc iu m :b o ro n  r a t i o s  th a n  
normal ones (4 8 ,  9 0 ) .
Table  53. E f f e c t s  o f  a p p l ie d  p o ta ss iu m  on th e  c o n c e n t r a t io n s  of 
p o ta ss iu m  and ca lc iu m  in  l e a f  p e t i o l e s  a t  two s ta g e s  o f  m a tu r i ty .
S tage  of m a tu r i ty
K2O tre a tm e n t  
l b s .  p e r  a c re
P o tass iu m  
p e r  c e n t
Calcium 
p e r  cen t
E a r ly  square 0 4 .3 0 3 .5 2
60 6 .12** 3.19**
E a r ly  b o l l 0 2 .43 2 .34
60 3.89** 2.23**
* * S ig n i f l e a n t  a t  the  .01  l e v e l  o f  p r o b a b i l i t y .
Data in  Table 54 show t h a t  n e i t h e r  a p p l ie d  n i t r o g e n  nor a p p l ie d  
p o ta ss iu m  s i g n i f i c a n t l y  a f f e c t e d  th e  c a lc iu m :b o ro n  r a t i o  in  th e  p e t i o l e s  
a t  th e  e a r l y  squ are  o r e a r l y  b o l l  s t a g e s .
T ab le  54. E f f e c t s  o f a p p l i c a t i o n s  o f  n i t r o g e n  and p o ta ss iu m  on th e  
ca lc iu m :b o ro n  r a t i o  in  th e  p e t i o l e s  a t  two s ta g e s  o f  m a tu r i ty .
S tage  o f  m a tu r i ty
N itro g e n  t re a tm e n t
l b s .  p e r  a c r e E a r ly  squ are E a r ly  b o l l




K2O t re a tm e n t  







At b o th  th e  e a r l y  square  and e a r l y  b o l l  s t a g e s ,  a p p l ie d  boron 
s i g n i f i c a n t l y  d e c re a se d  the  ca lc iu m :b o ro n  r a t i o  in  th e  p e t i o l e s  as 
shown by d a ta  in  th e  fo llo w in g  t a b l e .
Table 55. E f f e c t s  o f  a p p l ie d  boron on th e  c a lc iu m :b o ro n  r a t i o  in  th e  
p e t i o l e s  a t  two s ta g e s  of m a tu r i t y .
S tage  o f  m a tu r i ty  
Boron t re a tm e n t  E a r ly  sq u are  E a r ly  b o l l
C a lc ium :boron  r a t i o  
No boron 1366 360
A pplied  boron 652 207
L.S.D . a t  .05 l e v e l  219 80
L.S.D. a t  .01  l e v e l  292 107
Data in  Table  56 show t h a t  a t  the  e a r l y  bloom s t a g e ,  r e g a r d ­
l e s s  o f  n i t r o g e n  and p o ta ss iu m  t r e a t m e n t s ,  th e  a p p l i c a t i o n  o f boron 
gave a h ig h ly  s i g n i f i c a n t  d e c re a se  in  th e  p e r  cen t  o f r in g e d  p e t i o l e s .  
W ithout a p p l ie d  boron  3 6 .1  p e r  cen t  o f  th e  p e t i o l e s  had c o n c e n t r ic  
r in g s  w h ile  1.3 p e r  cen t  o f  the  p e t i o l e s  showed th e  r in g s  when boron 
was a p p l ie d .
T ab le  56. E f f e c t  o f  a p p l ie d  boron  on th e  p e r  c e n t  o f  th e  p e t i o l e s  a t  
th e  e a r l y  bloom s ta g e  which e x h ib i t e d  c o n c e n t r ic  r i n g s .
P e r  c e n t  o f  th e  p e t i o l e s
Boron t r e a tm e n t which e x h ib i te d  r in g s
No boron 3 6 .1
A pplied  boron 1.3**
* * S ig n i f i c a n t  a t  th e  .01  l e v e l  o f  p r o b a b i l i t y .
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As shown by d a ta  in  Table  57 , a p p l ie d  boron  a t  a l l  t h r e e
n i t r o g e n  l e v e l s  gave a  h ig h ly  s i g n i f i c a n t  d e c re a s e  in  t h e  p e r  c e n t  o f
r in g e d  p e t i o l e s .  With and w ith o u t  a p p l ie d  b o ro n ,  the  60-pound r a t e  
o f  a p p l ie d  n i t r o g e n  gave a h ig h ly  s i g n i f i c a n t  i n c r e a s e  in  th e  p e r  c e n t
o f  r in g e d  p e t i o l e s .  The 90-pound r a t e  of n i t r o g e n  in  th e  absence  o f
a p p l ie d  boron gave a h ig h ly  s i g n i f i c a n t  in c r e a s e  in  t h e  p e r  c e n t  o f  
r in g e d  p e t i o l e s .  However, w i th  a p p l i e d  boron 90 pounds o f  a p p l ie d  
n i t r o g e n  gave a  h ig h ly  s i g n i f i c a n t  d e c re a s e  in  th e  development o f  
r in g e d  p e t i o l e s .  The e f f e c t s  o f  th e  60 and 90-pound r a t e s  o f  n i t r o g e n  
on th e  o ccu rren c e  o f  r in g e d  p e t i o l e s  were n o t  s i g n i f i c a n t l y  d i f f e r e n t
Table 57. E f f e c t s  o f  a p p l ie d  n i t r o g e n  and a p p l ie d  boron on th e  
p e r  cen t  of th e  p e t i o l e s  a t  the  e a r l y  b o l l  s ta g e  which e x h ib i t e d  
c o n c e n t r i c  r i n g s .
N i t ro g e n ,  lb s . p e r  a c re  a p p l ie d
Boron t r e a tm e n t 0 60 90
Per cen t r in g e d  p e t i o l e s
No boron 4 9 .7 6 2 .4  62 .5
A pplied  boron 15.4 21.3  9 .8
L .S .D . a t  .05 l e v e l  1 .5 ,  a t .0 1  l e v e l  2 .0 .
w i th o u t  a p p l ie d  bo ro n . With a p p l ie d  boron 90 pounds o f  a p p l ie d  n i t r o g e n  
gave a  h ig h ly  s i g n i f i c a n t  d e c re a s e  i n  r in g e d  p e t i o l e s  as  compared w i th  
th e  e f f e c t  o f  th e  60-pound n i t r o g e n  r a t e .  At th e  e a r l y  b o l l  s t a g e ,  
t h e r e  was a h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n ,  r  * .6 5 9 ,  betw een th e  p e r  
c e n t  o rg a n ic  n i t r o g e n  and th e  p e r  cen t o f  th e  p e t i o l e s  t h a t  showed th e  
r i n g s .  There was a  h ig h ly  s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n ,  r  ■ - .6 9 5 ,  
between th e  boron c o n c e n t r a t io n  in  th e  p e t i o l e s  and th e  p e r  cen t  o f  th e  
p e t i o l e s  which e x h ib i t e d  r i n g s .
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During 1963 no r u p tu r e d  n e c t a r i e s  o f  s q u a re s  were o b se rv ed  In 
th e  ex p e r im en t on G renada-C allow ay  s i l t  loam, a l th o u g h  they  were 
p r e v a le n t  in  th e  f i e l d  in  1962, a c c o rd in g  to  t h e  f a r m e r 's  r e p o r t .  In  
m id-Septem ber o f  1963, r u p tu r e d  p ed u n c le s  on b o l l s  and darkened  lo ck s  
w i t h i n  m atu re  b o l l s  were observ ed  on p l a n t s  where boron had n o t  been 
a d d e d .
At th e  e a r ly  squ are  and e a r ly  bloom s ta g e s ,  the  p e t i o l e s  from 
p l o t s  which d id  n o t  r e c e iv e  boron were n o t  n o t i c e a b ly  abnormal in  
s iz e  o r shape in  e i t h e r  o f  th e  two e x p e r im e n ts .  However, a t  th e  e a r ly  
b o l l  s ta g e  the  p e t i o l e s  from p l o t s  which d id  n o t  r e c e iv e  boron were 
d i s t i n c t l y  s h o r t e r ,  tw is te d  and b r i t t l e  (81) a s  compared w ith  th o se  
from p lo t s  where boron was a p p l i e d .  This c o n d i t io n  became more 
pronounced a t  th e  medium b o l l  s t a g e .
At th e  medium b o l l  s t a g e ,  l o n g i tu d in a l  s l i c i n g  o f r e p r e s e n t a t i v e  
r in g e d  p e t i o l e s  r e v e a le d  t h a t  th e  d a rk e r  g reen  c o lo r  o f  th e  r i n g s  
ex tended  in to  th e  p i t h .  L a te r  in  m id-A ugust, th e  p i t h  b en ea th  th e  
r in g s  showed a brow nish n e c r o s i s .  A s im i l a r  n e c r o t i c  c o n d i t io n  was 
d e s c r ib e d  in  the  co n d u c tin g  t i s s u e  o f  tomato (8 8 ) ,  b e e ts  (111, 221) and 
c i t r u s  (73) by a u th o r s  who su g g es ted  t h a t  boron i s  o f  extrem e im portance 
in  th e  m ain tenance  o f co n d u c tin g  t i s s u e s .  They s t a t e d  t h a t  w ith  boron 
d e f i c i e n c y  th e  phloem in  p a r t i c u l a r  b re a k s  down, becomes n e c r o t i c  and 
i s  n o n - f u n c t io n a l .  In  th e  p r e s e n t  s tu d y  t h i s  c o n d i t io n  may have 
in f lu e n c e d  the  a b s o rp t io n  and d i s t r i b u t i o n  o f  n i t r o g e n  and th e  m in e ra l  
e lem ents  (221).
SUMMARY AND CONCLUSIONS
Two f i e l d  experim en ts  were conducted  in  1963 to  d e te rm in e  th e  
in f lu e n c e  o f  a p p l i c a t i o n s  o f  boron , n i t r o g e n  and p o tass ium  on th e  y i e l d  
o f  c o t to n ,  on the  n u t r i e n t  e lem ent c o n c e n t r a t io n s  in  t i s s u e s  o f  the  
c o t to n  p la n t  and on th e  o ccu rren c e  o f  growth a b n o r m a l i t i e s  in  c o t to n .  
S t a t i s t i c a l  a n a ly s e s  o f  the  d a ta  o b ta in e d  in  th e  experim en ts  showed 
th e  fo llo w in g  r e s u l t s .
On Beulah sandy loam th e  a p p l i c a t i o n  o f  boron In c re a se d  th e  
y i e ld  o f  seed c o t to n  277 pounds per a c r e  when 60 pounds o f  n i t r o g e n  per 
a c r e  was a p p l ie d  and 400 pounds when 90 pounds o f  n i t r o g e n  was a p p l i e d .  
Chi Grenada-Calloway s i l t  loam, added boron In c re a s e d  th e  y i e ld  o f  seed 
c o t to n  178 pounds per a c r e  when no n i t r o g e n  was added and 248 pounds 
on p l o t s  f e r t i l i z e d  w ith  60 pounds o f  n i t ro g e n  p e r  a c r e .  Added boron 
in c re a se d  th e  e a r l i n e s s  o f  b o l l  open ing  a t  b o th  s i t e s .  Applied n i t r o g e n  
in c re a se d  the  y i e l d  o f  c o t to n  on th e  Beulah sandy loam s o i l  on ly  when 
boron was added. On the  Grenada-Calloway s i l t  loam, when compared w ith  
th e  e f f e c t s  o f  no n i t r o g e n ,  n e i t h e r  r a t e  o f a p p l ie d  n i t r o g e n  a f f e c t e d  
the  y i e l d .  However, w ith o u t  a p p l ie d  boron, 90 pounds o f  a p p l ie d  
n i t ro g e n  per a c r e  d ec rease d  the  y i e l d  compared w i th  th e  e f f e c t  o f  th e  
60-pound r a t e  o f  n i t r o g e n .
Po tass ium  a p p l ie d  on th e  Beulah sandy loam s o i l  had no e f f e c t  on 
th e  c o t to n  y i e l d .  On th e  Grenada-Calloway s i l t  loam, po tass ium  
f e r t i l i z a t i o n  In c re a se d  the  e a r l i n e s s  o f  b o l l  opening  and produced a 
y i e ld  In c re a s e  o f  184 pounds o f  seed  c o t to n  per  a c r e .
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G e n e ra l ly ,  th e  boron c o n c e n t r a t io n  In  th e  p l a n t  t i s s u e  was 
In c re a se d  by a p p l ie d  boron , In c re a se d  by a p p l ie d  n i t r o g e n  and no t 
a f f e c t e d  by a p p l ie d  p o ta ss iu m . Boron c o n c e n t r a t io n s  as  h ig h  a s  18.2 
ppm. In th e  l e a f  p e t i o l e s  and 12.6 ppm. in  th e  l e a f  b la d e s  r e p re s e n te d  
d e f i c i e n c y  l e v e l s  o f  t h i s  e lem ent in  th e  c o t to n  p l a n t s .  Dataware 
p re se n te d  which su g g e s t  t h a t  the  c o n c e n t r a t io n  o f  boron a t  which a 
d e f i c i e n c y  b e g in s  may be h ig h e r  than  th e s e  v a lu e s .
At two s ta g e s  o f  m a tu r i ty  in  bo th  e x p e r im e n ts ,  a p p l ie d  boron 
d ec rease d  th e  per  c e n t  o rg a n ic  n i t r o g e n  in  th e  l e a f  p e t i o l e s  b u t had 
no e f f e c t  on per c e n t  o rg a n ic  n i t r o g e n  in  th e  l e a f  b la d e s .  At one 
s ta g e  on the  Beulah s o i l ,  a p p l ie d  boron d e c re a se d  th e  p e r  c e n t  o rg a n ic  
n i t ro g e n  in  th e  p e t i o l e s  when n i t ro g e n  was a p p l ie d  and had no e f f e c t  on 
o rg a n ic  n i t r o g e n  c o n te n t  in  the  absence  o f  a p p l ie d  n i t r o g e n .  Hie 
r e l a t i o n s h i p  o f th e  r e s u l t s  to  th e  m etabolism  o f  c a rb o h y d ra te s  and 
n i t ro g e n  in  th e  c o t to n  p l a n t  i s  d i s c u s s e d .
On th e  Beulah s o i l ,  supp lem en ta l boron d id  n o t a f f e c t  th e  per 
c e n t  po tass iu m  in  th e  l e a f  t i s s u e .  On th e  Grenada-Calloway s o i l ,  
a p p l ie d  boron d e c re a se d  th e  per c e n t  po tass ium  in  the  p e t i o l e s  a t  two 
s ta g e s  o f  m a tu r i ty .
At two o f  th re e  s ta g e s  on th e  Beulah s o i l ,  a p p l ie d  boron 
in c re a s e d  the  per c e n t  ca lc ium  in  th e  l e a f  b la d e s  b u t had no e f f e c t  on 
per  c e n t  ca lc iu m  in  th e  p e t i o l e s .  On Grenada-Calloway s i l t  loam, th e  
a p p l i c a t i o n  o f  boron in c re a s e d  th e  per c e n t  ca lc ium  in  th e  p e t i o l e s  a t  
two s t a g e s ,  depending on th e  n i t r o g e n  su p p ly .
A pplied  n i t ro g e n  g e n e r a l ly  in c re a s e d  th e  p e r  c e n t  o rg a n ic  
n i t r o g e n  in  th e  l e a f  b la d e s  and in c r e a s e d  th e  n i t r a t e  n i t r o g e n  concen­
t r a t i o n  In th e  p e t i o l e s  b u t  had no c o n s i s t e n t  e f f e c t  on the
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c o n c e n t r a t io n s  o f  p o tass ium  and ca lc ium  In  th e  l e a f  t i s s u e .
A pplied  po tass iu m  had no e f f e c t  on the  per  c e n t  o rg a n ic  n i t r o g e n  
in  the  l e a f  t i s s u e  b u t  In c re a s e d  th e  n i t r a t e  n i t r o g e n  c o n c e n t r a t io n  In 
th e  p e t i o l e s  a t  th e  e a r ly  b o l l  s ta g e  a t  each l o c a t i o n .  G e n e ra l ly ,  
a p p l ie d  po tass ium  In c re a s e d  th e  per c e n t  p o tass iu m  In  the  l e a f  t i s s u e s  
b u t  d e c re a se d  th e  p e r  c e n t  ca lc iu m  In  th e  p e t i o l e s  a t  two Btages on 
Grenada-Calloway s i l t  loam.
The c a lc iu m ;b o ro n  r a t i o  in  th e  l e a f  t i s s u e  was g e n e r a l ly  
d ec rease d  by a p p l ie d  boron and in c re a s e d  by a p p l ie d  n i t r o g e n .  In  only  
one c a s e  was the  c a lc iu m :b o ro n  r a t i o  in c r e a s e d  by a p p l ie d  p o ta ss iu m .
At two s ta g e s  o f  m a tu r i ty  in  bo th  e x p e r im e n ts ,  th e  a p p l i c a t i o n  
o f  boron d e c re a se d  th e  per c e n t  o f  r in g e d  p e t i o l e s ,  an a b n o rm a lity  
which I s  c o n s id e re d  to  be a symptom o f  boron  d e f i c i e n c y .  A pplied 
n i t ro g e n  g e n e r a l ly  in c r e a s e d  th e  o c c u r re n c e  o f  r in g e d  p e t i o l e s .  
Po tass ium  f e r t i l i z e r  In c re a se d  th e  o c c u r re n c e  o f  r in g e d  p e t i o l e s  only  
a t  the  e a r ly  bloom s ta g e  on Beulah sandy loam when no boron was 
a p p l i e d .
At the  e a r ly  b o l l  s ta g e  on Beulah sandy loam, h ig h ly  s i g n i f i ­
c a n t  n e g a t iv e  c o r r e l a t i o n s  were shown between the  per  c e n t  r in g e d  
p e t i o l e s  and each o f  th e  fo l lo w in g :  th e  boron c o n c e n t r a t io n  In  the
p e t i o l e s ,  th e  boron c o n c e n t r a t io n  In  th e  b la d e s ,  th e  ca lc iu m :b o ro n  
r a t i o  in  th e  p e t i o l e s  and th e  c a lc iu m :b o ro n  r a t i o  in  th e  b l a d e s .  The 
r e s p e c t i v e  s im p le  c o r r e l a t i o n  c o e f f i c i e n t s  were - .7 5 0 ,  - .8 5 8 ,  - .7 9 1  
and - .8 9 1 .
At the  e a r l y  b o l l  s ta g e  on G renada-Callow ay s i l t  loam, t h e r e  was 
a h ig h ly  s i g n i f i c a n t  c o r r e l a t i o n ,  r  ■ .659, between th e  p e r  cen t  
o rg a n ic  n i t r o g e n  in  the  p e t i o l e s  and th e  per  c e n t  o f  r in g e d  p e t i o l e s .
At th e  e a r l y  b o l l  s ta g e  on th e  same s i t e ,  t h e r e  was a h ig h ly  s i g n i f i c a n t  
n e g a t iv e  c o r r e l a t i o n ,  r  -  - .6 9 5 ,  between th e  boron c o n c e n t r a t io n  in  th e  
p e t i o l e s  and th e  p e r  c e n t  o f  r in g e d  p e t i o l e s .
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